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TECHNICAL REFERENCE .- PREFACE 


PREFACE 


The Technical ence Manual contalfns detailed (arochaccan .on the 
design and function of the Texas Instruments Professional Computer and 
is intended for use by software and hardware designers and other 
technical persons, | ; Pe so ee 


This manual is divided into six major sections: sar. Vescanuier 


i] 
“EES 4 I 
| 


Section 1. Introduction - Provides a general. descripbion,. fone pthe) Texas 
Instruments Professional Computer and identifies, - he Bo C Leen 
configurations, options, and accessories. This section also ingludes 


tables listing environmental requirements for the system. feu 


os ii 
— =e 2 =: = “= 


Section 2. System. Hardware -~ Provides ance ta iied description’ of: each 
component of the system including specifications and.. -interface 
information. This section also includes. hardware programming. date such 


as coding tables, registers, and signal pin- outs. forties f 


| 
Section 3. Hardware Options - Provides a.detailed description ° of the 
options available for the system. This section i contains 
specifications, interface information, and hardware Programming | data 
such as coding tables, registers, and, signal Pin-outs. otc roR | 

Paes Pose e 

Section 4, Device Service Routines - Describes the ROMY gives 
interrupt vector lists, and a keyboard scan doding table. huey 
Section S.. Assembly Drawings and..Lists of. Materials---- includes 
detailed drawings for all field replaceable assemblies and options. A 
List of Materials, identifying all So DOS Re gt ier tec eer Da rt 87, 
accompanies each assembly drawing. rae tah) Gta steeds. Nid A 


adel he Sagar nnn ES " wet Le 
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Section 6. Schematics and Logic Drawings mo | Provides, logic diagrans and 
schematics for each component: and field. replaceable  SnemBey. aft the 
Texas Instruments Professional Computer .i~ ~~~ sta 


ee oe 


en ees | a F 
The appendixes provide reference information, such as definitions of 
all 1/0 addresses, and a complete memory map (covering the mothanboaral 
all memory connected to the expansion bus, and the memory expansion 
bus). Also included are complete information on the character sets 
furnished with the computer and a breakdown of the power ‘allocation 
between the various options and printed wiring boards. : : 
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Section 1 “ 
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INTRODUCTION 


4.1 SYSTEM COMPONENTS aueg 


The basic Texas Instruments Professional Computer system consists of 
three major parts: the keyboard, the system unit (including :-the 


diskette drive), and & monochrome display unit. A general 
description of each is given in this section. The available options 
are also briefly described in this section. For more detailed 


information, refer to Section 2, "System Hardware”, and to Section 3, 
“Hardware Options.” - 3 


& ¢, 


1.1.1 Keyboard Fs : 

The low-profile keyboard is easy to use. The large, sculptured, 
Cypewriter-like keys grouped on the main keyboard are used ta enter 
alphanumeric data. The smaller numeric keypad on the right side: of 
the keyboard can be used as a calculator. A five-key cluster between 
these two groups controls the display cursor movement. Twelve 
programmable function keys are arranged in three groups of four keys 
each across the top of the keyboard. = 


Other keyboard features include: 
* A full-length tilt-bar, adjustable from 5 degrees to 15 
degrees. 


* The sculptured, low-profile keys, which comply with the 
European 30-millimeter (mm) home row height requirements. 


* Tactile-designed F and J keys, which help to locate the 
“home” position on the alphanumeric keys. 


* A raised dot on the numeric keypad 5, indicating the center 
key. 


* A keyboard microprocessor, which converts keystrokes into 
Character information and conducts keyboard diagnostics on 
every power-up. 
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1.1.2 System Unit 


The system unit is the heart of the computer. The basic 
configuration includes the central processing unit (CPU), the floppy 
disk controller (FDC), a parallel printer port, a power supply, 4 
read-only memory (ROM), and 64K bytes (K = 1024) dynamic random- 
access memory (RAM). A cathode-ray tube (CRT) controller board .is, 
standard equipment. AP 
The system unit board is a 361.95 x 215.9-millimeter (mm) (14. 25. x 
@.S-inch (in)) printed wiring board (PHB) mounted horizontally on the 


bottom of the system unit chassis. This board houses the 
microprocessor and control logic. It also supports an expansion buys 
with five card-edge connectors for option boards and another 


connector for a memory expansion option. 


The system unit power supply is a switching-type, 110-watt (W) unit 
with three output levels. It will sustain a system equipped with 


every combination of options. : 


The 5 1/4-in diskette drive is a mass storage device for reading or 
writing data to a removable diskette. The Texas Instruments 
Professional Computer uses a double-density, modified frequency 
modulation (MFM) recording format. This format requires Siiiette 
double-sided, dual-density, soft-sectored 5 1/f4-in diskettes. 38 
data separation logic uses a phase-lock loop technique 
reliability. The computer is equipped with one diskette drive, Sirah 
can store approximately 320K bytes of data. : 


i ae eae 


1.1.3 Display Unit Th oe 
The display unit furnished with the Texas Instruments Professional 
Computer is a high-resolution (720 x 300 pixels), composite video, 
green phosphor monochrome unit. The standard CRT controller 
contained in the system unit supports eight intensity levels for the 
display. The display presents information in a 25-line x 80-column 
a4iphanumeric format, which works well with the bit-mapped graphics 
option. The display unit is specially adapted to accomodate the 
horizontal scan rate of 19 200 lines per second 


F 
i. 


1.2 OPTIONAL COMPONENTS 


There are several options available for the Texas Instruments 
Professional Computer. These options include additional 320K-byte 
diskette drives, a Winchester disk drive, expansion memory boards 
(which can expand the system memory to 768K bytes), a synchronous- 
asynchronous communications board, internal modem boards, & graphics 
video controller board, and a high-resolution color display unit. A 
general description of each of these options is given in the 


a 
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following paragraphs. If more detailed information is needed, refer 
to Section 3, Hardware Options. 

QLERS 
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f.2-1 Diskette Drive “ eit 
Mics f 


One’ internal diskette drive is standard equipment for The Texas 


Instruments Professional Computer. Enough internal space is 
available to install either a second diskette drive or a Winchester. 
disk drive. You can also install two external drives. 


Diskettes used with the Texas Instruments Professional Computer must 


be certified double-sided, dual-density, soft-sectored, S 1/4- an 
diskettes. 


1.2.2 Winchester Disk Drive . 

ek 
The Winchester disk drive and controller option is available in S- or 
10-megabyte capacities. You can install the Winchester disk drive in 
the space set aside for the second diskette drive. 


i:2.3  &xpansion Memory Boards 

The system unit board contains 64K bytes of dynamic. RAM. Adding 
expansion RAM boards can increase the system memory to a total of 
768K bytes. First, use the expansion RAM option boards that plug 
intb the memory connector on the motherboard. These boards are 
available in 64K~, 128K-, or 192K~-byte capacities. After adding the 
192K-byte board (bringing the total to 286K bytes), further expansion 
requires that you add a 256K-byte board that plugs into the expansion 
bus. To reach the 768K-byte total, another 2S6K-byte board attaches 
(piggyback style) to the board on the expansion bus. 


a 4 

1.2.4 Synchronous-Asynchronous Communications Board 
ey 

The synchronous-asynchronous communications (sync-asyne comm) board 

option ‘allows either synchronous or asynchronous communications 
through an RS-232-~C interface. The sync-async comm board supports 

asynchronous data rates from SO bits per second (bps) to 19 200 bps. 


1.2.5 Internal Modem Boards 


Two versions of the internal modem board option are available: a 
300-bps board Providing Bell 103-compatible communication, and a 
390/1200- -bps board providing Bell 212A-compatible communications. 


an te 
ne) Hate eee Sf si ee 


& . %y Bh no er ao 
eat ome 


TECHNICAL REFERENCE INTRODUCTION 


1.2.6 Graphics Video Controller Board 


The graphics video controller board option is available in either one 
or three planes. It provides a resolution of 720 horizontal by- 300 
vertical picture elements (pixels). 


1.2.7 Color Display Unit 


The i3-in color display unit permits the display of high-resolution 
(720 x 300 pixels) colors. The standard CRT controller located on 
the system unit board supports eight colors for the unit, which 
presents information in a 25-line x 80-column format. Used with = the 
graphics video controller board option, the color display unit 
produces high-quality raster and character graphics. 


1.3 ENVIRONMENTAL CONDITIONS 


The next four tables list environmental conditions for the Texas 


Instruments Professional Computer. Table 1-1 lists the storage 
conditions for a standard system. (Storage assumes that the system 
is enclosed in the shipping container.) Table 1-2 lists the 
operating conditions for a standard system. Table 1-3 lists the 


storage conditions for a system that includes a Winchester disk. 
Table 1~4 lists the operating conditions for a system that includes a 
Hinchester disk. £ 


« 


Table 1-1 Storage Conditions, Standard System 


Temperature -30 Cc to +70 C 

(50 C maximum for diskette) 
Relative humidity 10% to 90%, no condensation 
Shock 30 Gs, half-sinusoidal puise with 


30 ms duration along X and ¥ axes. 


20 Gs, half-sinusoidal pulse with 
30 ms duration along Z axis.- 


Vibration Sinusoidal, S$ to 250 Hz linear 
sweep at i octave/minute with 
0.50 input. Dwell 15 minutes at 
resonant points (2X input level.) 


Altitude 45 000 feet maximum 
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Table 1-2 Operating Conditions, Standard System 
eo 
Ao 4s sa es aig 
“CE Temperature +10 € to +40 C with gradient 
less than 10 C per hour 
Relative humidity 20% to 80%, no condensation ' 
Shock 5 Gs, half-sinusoidal pulse with . 
Ol has 10 ms duration along any of the 
XG three perpendicular axes. 
“ABTA 
“i } Vibration 0.5 Gs peak accelleration in the 
Sits range of S to 250 Hz, linear sweep 
at 1 octave/minutea. ; 
Altitude 10 000 feet maximum 
Meg SS NOTE 
oo{5 
ett) Derate the upper Limit of the operating : 
6h temperature by 1 C for every 1000 feet above the 
B os first SOO feet. + 


Table 1~3 Storage Conditions, System with Winchester Disk 


Temperature -30 C to +60 C with gradient 
less than 10 C per hour 
* Relative humidity 20% to 80%, no condensation 
yc ry sf 
Shock 30 Gs, half-sinusoidal pulse with 


lims duration. 


Vibration 20 Gs, half-sinusoidal pulse with 
ie ea Li ms duration. 


Altitude 30 000 feet maximum 
10 000 feet unpressurized 
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Table i-4 Operating Conditions, 


Temperature 


Relative humidity 


Shock 


Vibration 


: Altitude 


NOTE 


Derate the upper Limit 


INTRODUCTION 


System with Winchester Disk 

#16 ¢C to +40 ¢C with gradient 

less than 10 C per hour 

20% to 80%, no condensation 

5 Gs, half-sinusoidal pulse with 
10 ms duration along any of the 
three perpendicular axes. 

0.S Gs peak acceleration in the 
range of 5 to 250 Hz, linear sweep 


at i octave/minute. 


10 O0C0O feet maximum 


of the operating 


temperature by 1 C for every 1000 feet above the 


first SOO feet. 
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Section 2 


SYSTEM HARDWARE 


2.1 INTRODUCTION 


This section describes the design and functions of the hardware in 
the standard Texas Instruments Professional Computer system. 
‘Hardware described in this section includes the keyboard, the system 
unit board and its two logical subdivisions, and the display unit. 
Figure 2-1 is a block diagram of the system showing the separate 
hardware components, including some options. The option hardware is 
described in Section 3, “Hardware Options.” 
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2.2 KEYBOARD 
The electronic functions of the keyboara include: 


* Scanning the key matrix and encoding keys depressed by the 
operator 


* Transmitting data to the system unit 

* Receiving and responding to commands from the system unit 
* Implementing a software-switchable repeat-action function 
* Performing n-key rollover 

* Locking/unlocking the keyboard 


* Performing a self-test 


2.2.1 Encoding Keystrokes 


The encoder scans the keyswitch matrix, detects valid keyswitch state 
changes, looks up the proper key code, and transmits the keycode as 


part of an 11-bit stream to the system unit. Each key causes either 
1 or 2 bytes to be transmitted, based on the status of the SHIFT, 
ALT, CAPS LOCK, and CTRL keys. For specific details on byte 


definitions, refer to subsection 4.12. 


Some user-programming of the function keys is possible at the 
application level. See the paragraph in Section 2 entitled, “Custom 
Encoding.” 


2.2.2 Transmission 


The keyboard transmits data to the system unit at 2440 baud *+ 1.50 
percent. The keyboard transmits when one of the following conditions 
is met: 


* When a valid key depression has been detected 
* When a system command is understood and acted upon 


When the user presses a key, the keyboard responds by sending the 
Proper keycode byte or bytes across the keyboard transmit line. 
Keycodes are explained in detail in subsection 64.12 entitled 
“Keyboard DSR." Pressing some keys can signal repeat-action 
transmissions. 
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2.2.3 Receiving and Responding to System Unit Commands 


The system unit transmits to the keyboard at 305 baud + 1.50 percent. 
To respond to a system unit command, the keyboard transmits a 
response code to the system unit, indicating that the required action 
has been taken. The keyboard responds to every valid command. For 
certain conditions, such as parity errors, unknown commands, and 
start bit errors, the keyboard ingores the system unit commands and 
sends no response. If this happens, the system unit retries the 
command. 


System unit commands an@ keyboard responses are listed, in 
hexadecimal form, in Table 2-1. In this table, the “Command Code” 
column lists the codes sent to the keyboard. The "Keyboard Response" 


column lists the code returned by the keyboard microprocessor. 
Typically, the microprocessor returns Self-test OK (code 70) to _ the 
system unit (except in the case of a failure during self-test). 


NOTE 


Throughout this manual, the symbol H denotes a 
hexadecimal address or value. 
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Table 2-1 Keyboard Commands and Responses 


{of keyboard ROM). 


* Indicates default values. 


Command Keyboard 
System Unit Code Response Response 
‘Command CH) (H) Meaning 
Perform a power-up 
self-test and install 
Gefault parameters oo* 70 Self-test OK 
71 Keyboard ROM error 
72 Keyboard RAM error 
Turn repeat action ON G1L* 70 Self-test OK 
Turn repeat action OFF 02 70 Self-test OK 
Lock keyboard 03 70 Self-test OK 
Unlock keyboard 04% 70 Self-test OK 
Turn keyclick ON OS** 70 Self-test OK 
Turn keyclick OFF OG*x* 70 Self-test OK 
Reset (same as 900) 07 70 Self-test OK 
71 Keyboard ROM error 
72 Keyboard RAM error 
Return version os 70,73 (2-byte code) 


xk* Keyclick requires a hardware modification. 
It is not presently supported. 
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2.2.4 Implementing a Software-Switchable Repeat-Action Function 


A repeat-action key is one that automatically repeats when depressed 
for one-half second (8) or longer. As iong as the key is held down, 
repeat-action transmissions from the keyboard to the system unit 
continue at a rate of 15 per second. 


2.2.5 Performing n-Key Roliover 

Repeat-action interacts with n-key rollover in the following manner. 
Pressing more than one nonmode key does not cause repeat-action. 
Instead, the most recent key pressed transmits to the system unit. 
Hhen repeat-action is enabled and one key is pressed, that key is 
acted upon by the repeat-action function. The following examples 
clarify the relationship between rollover, repeat-action, and mode 
byte changes. 


Example 1: 
Assume that the following sequence of events occurs: 


1. No mode bits are on. 


4 


2. The a key is depressed and held down for more than one-half 
second. 


3. The b key is depressed. 


4. The SHIFT key is depressed. (The SHIFT key can be held or 
released without altering the characters transmitted to the 
system unit.) 


5. The b key is released. 


6. The a key has not yet been released. 


The result transmitted to the system unit and displayed is: 


aeaeaasaegaaaaaaabaaaaaaaagaagd... 


adi 
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Example 2: 


C 


Assume that the following sequence of events occurs: 


1. No mode bits are on. 


2. The a key is depressed and held down for more than one-half 
second. 


3. The SHIFT key is depressed and held. 

4. The b key is depressed. (At this point, the SHIFT key can 
be held or released without altering the characters 
transmitted to the system unit.) 


S. The b key is released. 


6. The a key has not yet been released. 


The result transmitted to the system unit and displayed is: 
S64aaaaasssaaasaaaBAAAAAAAAAAA... 


( 2.2.6 Locking/Uniocking the Keyboard $ 


« 


At certain times during system operation, the keyboard locks. During 
these times, all normal functions of the keyboard are suspended. 
That is, the keyboard does not scan, encode, or transmit data to the 
system unit. The keyboard locks if: 

* The self-test is in progress. 

* The self~test fails. 

* The keyboard receives the LOCK KEYBOARD command. 
The keyboard remains locked until one of the following conditions 
occurs: 


* The self-test successfully completes. 


* The keyboard receives the UNLOCK KEYBOARD command. 


2.2.7 Performing a Self-Test 


The keyboard performs a self-test when it receives code 00 from the 
system unit, interrupting any keyboard operation in progress. The 
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self-test completely checks the keyboard system RAM and ROM, then. 
transmits the results to the system unit using a code explained in 
paragraph 2.2.3, entitled “Receiving and Responding to System Unit 
Commands,” 


2.3 SYSTEM UNIT BOARD 


The system unit board, or motherboard, is the heart of the computer. 


It is mounted on the bottom of the system unit chassis. The 
motherboard is divided into two logical function areas, one for 
system support and one for the expansion bus. Refer to Section 5, 


drawing 222300S, for logic diagrams of the system unit board. Figure 
2-2 is a block diagram of the separate subsystems of the motherboard. 
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2.4 SYSTEM SUPPORT 


That section of the motherboard dedicated to system support contains 
hardware and logic for the: 


* Keyboard port 


x System CPU (including microprocessors, clocks, bus 
controllers, and buffers) 


oe * Motherboard input/output (5/0) system 
* Motherboard interrupt system 
4; * Motherboard memory system 


_*® PDC subsystem (including buffers, write precompensation, and 


Xe 

* oO diskette drive interface) 

i + 

i» ® CRT controller 

Ys 

oz 

2.4.4 Keyboard Port P 

The [Intel 98251A, a universal asynchronous receiver-transmitter 
(UART), is the port for serial data transmission between the 
motherboard and the keyboard. Data received by the UART always 
generates an interrupt to the interrupt controller. The transmit 


ready line does not generate an interrupt uniess the transmitter in 
the UART is enabled. The keyboard port interrupt is ORed with the 
“interrupt request 7" line from the numeric coprocessor. 


An SN7ZSIS89A line receiver with a slowdown capacitor conditions the 
receive data signal to protect the signal from transients. The 
receiver hysteresis is approximately 1 V centered around 1.4 V, which 
improves the noise immunity. Another SN7S1iS89A buffers the transmit 
data line, providing a good voltage swing and drive to the keyboard 
cable. This buffer consists internally of an output transistor with 
a 2-kilo ohms (kohms) pullup resistor. 


fo, improve diagnostics, the data set ready (DSR) line on the 
upiversal synchronous/asynchronous receiver transmitter (USART ) 
connects to the keyboard connector through a SN7S189A buffer. The 
transmit data Line connects to the DSR'line at the keyboard, which 
allows detection of a disconnected or defective keyboard. 

Eke ert i 

The, input clock to the transmit section is 19 531.25 Hz. The 98251 
divides.this frequency by 64 to generate a baud rate of 305. The 
input clock for the receiver is 156 250 Hz. This frequency is 
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divided by 64 to generate a baud rate of 2441. Because these baud 
rates are close to the standard 300- and 2400-baud rates, system test 


instruments can simulate a keyboard with standard equipment. : 


2.4. 4 System CPU ne ie, 


The system CPU consists of an Intel 8089 16-bit microprocessor, the 
CPU clock circuits, several CPU bus buffers and latches, a CPU bus 
controller, and the reset circuit. A special socket onthe 
motherboard makes it easy to add the optional Intel 9087 numeric data 
processor (also called a numeric coprocessor). 


The Intel microprocessors work together and, to attached components, 
appear to be a single chip. Therefore, the term CPU (as used in this 
manual) refers to both devices. 


2.4.2.1 Optional Numeric Coprocessor. The user can choose to add an 
8087 numeric coprocessor to the syatem unit board at any time. Once 
the 9087 is inserted into the socket provided, both the 9088 and the 
8087 decode the special escape instructions. The 8088 does any 
memory~-access computations required and accesses the first byte of 
memory according to the instruction. The 9087 decodes the 
instruction, “catches" the memory address generated by the 8088, 
requests the bus from the 8088, and completes the required memory 
access. After finishing with the bus, the coprocessor releases it so 
that the 8088 can continue with the next instruction. If necessary, 
the 98088 sends a WAIT instruction to the 8087, ensuring their 
synchronization. « 


2.4.2.2 CPU Clock Generator. The CPU clock generator consists of an 


Intei-designed 8294, a crystal, and some discrete components. To 
generate the $.0 MHz clock frequency, the 92894 divides the crystal 
frequency (15.0 MHz + 0.01 percent) by 3. The 8284 also contains 


logic to synchronize the WAIT- line from the expansion bus and memory 
subsystems with the RESET- line from the power-good circuit. 
NOTE an 


Signal names followed by a dash, such as WAIT-, am, 
are active low signals. : 


i oY 


2.4.2.3 CPU Bus Buffering. The CPU operates in the so-called 
"maximum” mode of this integrated circuit. (For additional 
information, see the Intel literature on the 8088 and B80B7 
microprocessors.) The CPU uses a multiplexed address and data bus’ in 
order to reduce the number of pins required on the processor chip: 
For this reason, and to provide adequate buffering for the address 
and data lines on the expansion bus, a set of address latches (u5!} 
UG, U7) and a data bus buffer (U8) are an integral part of the cpuv!® 


on! 


a! 
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2.4.2.4 CPU Bus Controller. The CPU bus controller chip (U3 8288) 
receives the status information from the processor and converts it 
into the Lines MRDC- (memory read), AMWC- (advanced memory write), 
IORC- (1/0 read), AIORC- (advanced I/0 write), INTA (interrupt 
acknowledge), DEN (data buffer enable), and DTR (data buffer 
direction control). 


A simple open-loop signature analysis (SA) arrangement is provided to 
check out the CPU. Connecting pins £17 and E16 (on the motherboard) 
with a jumper and resetting the system (power up) causes the 
Processor to execute a OBFH opcode. The jumper disables the system 
data bus buffer US, and the pullup resistors in U66 pull the bus up 
to a high state. Transistor Q1 pulls down data line AD6 to provide 
the “o” bit in the opcode. The segmented architecture then causes 
the processor to cycle from address FFFFOH through address FFFFFH and 
from 00000H through OFFFOH during the SA loop. 


NOTE 


The symbol "H"™ denotes a hexadecimal address or 
value, 


2.4.2.5 Reset Detection Circuit. The power-good (reset detection) 
circuit discovers insufficient power conditions on the motherboard by 
monitoring the i2-volt {(V) power line. hen the power drops, but 
does not shut down completely, this circuit causes an automatic 
restart. If the voltage falls to approximately 11 Vdc, a 
resistor/capacitor combination and a voltage comparator with 
transistor inverter hold the RESET line true for at least 3 
milliseconds (ms). 


2.4.3 Motherboard Input/Output System 


The motherboard input/output (1/0) system decodes the I/0 addresses 
for all the devices on the board. The input buffer and the various 
output latches are also components of the I/0 system. Table 2-2 
shows a map of the motherboard I/O addresses. 


The various I/0 devices have available 16 I/0 address bits. Only 10 
of these bits, a total of 1024 bytes, are decoded. Beginning at 
address oOooH, the motherboard uses 48 bytes of this space. This 
leaves 976 bytes available for the expansion bus. 


Table 2-2 lists the motherboard devices that are decoded and their 
addresses within the CPU I/O space. Appendix A provides a complete 
map of all system I/O addresses. 


TECHNICAL REFERENCE SYSTEM HARDWARE 


Table 2-2 Map of the Motherboard I/O Addresses 


Hex 


Address Device Bit/Use 


00000 U47 Latch Speaker timer enable 

Timer 1 interrupt enable 

Timer 2 interrupt enable 
Single-density (FM) enable 

Track greater than 1/2 (TG43) 
Diskette side one enable (FSID-) 
Diskette mode control (M1) 


Diskette mode control (MO) 


“MOA VW &@& WHF © 


oocool U48 Input buffer Option jumper E1-E2 

Option jumper E3-E4 

Option jumper ES-E6 

Parity interrupt pending 
Printer port BUSY 

Printer port paper out 
Printer port printer selected 


Printer port NO fault 


NO Ma GN SG 


00002 
00003 


U49 Latch 0 
USO Latch 


mJ 


Printer port data outputs 
LED 1 OFF 

LED 2 OFF 
LED 3 OFF 

Parity interrupt enable 
Printer port not autofeed 
Printer port not strobe 
Printer port not initialize 
Printer ACK interrupt enable 


“NOuWnawWwNnNFe OC i 


00004 US1 Latch Diskette drive SELECT 
Diskette drive SELECT 
Diskette drive SELECT 


Diskette drive SELECT 


—MavwhWwnre Oo 


Diskette 
Diskette 
Diskette 
Diskette 
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drive 
drive 
drive 
drive 


MOTOR 
MOTOR 
MOTOR 
MOTOR 


WHF & WN 
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Table 2-2. Map of the Motherboard 1/0 Addresses (Concluded) 
Hex 
Address Device Bit/Use 


00005--CGOOOF Reserved = 


00010 U44 8251 USART Data register 
OO0t 1 U44 8251 USART Control register 
00012~-00013 Reserved 3a = 

00014 U4S5 8253 timer Counter oO 

0001s U45 8253 timer Counter 1 

oociG U4S5 8253 timer Counter 2 

00017 U45 B8253 timer Control register 
00018 U46 8259A interrupt controller - 7 

60019 U46 S2S59A interrupt controller - - 

000620 FDC command register or RAM tO: 

00021 FDC track register eK 

00022 FDC sector register or RAM reset 3 

00023 FDC data register = 


00024--G002F Reserved bf 
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2.4.3.1 1/0 Decoding. A combination of three integrated circuits 
(iC) does the I/O decoding. The first [IC is a hard-array-logic (HAL):=i 
device HAL1i2L6. The second is a 74LSi38, which is a one-of-eight! + 
decoder. The third is one-half of a dual 74L85139, which is a one-of- 
four decoder, 


Table 2-3 gives the array logic device programming. When the logical?’ 
AND of terms from one row is ORed with the AND of terms from another2: 
row in the same section, the output goes active if the result igec« 














true. Expressed in Boolean terms, Vf h 
— nt a, SOC 
TORQ = (XS2 x XS1 x XSO x IORC) + (XS2 x XS1 x XSO X AIONWC) S009 
gre, Ff 
er tah. £8! 
aD OAL? 
Table 2-3 Input/Output Signals - HALi2L6 Integrated Circuit re 
19) 
Input Stet 
eg ge eg re eae ee ee ee ee ee ge res 
go 
XS2 XSO XAS XAZ7 # XAS IORC- 
Output XSi DEN- XA8 XA6 XA4 ATOHC- Comment 
meen sl ele eee ee Relate ental Ree ede ela Rk Re eke ee ee 
IEN- Lie Lee Le Ce a Lie Li ee ee Read 1/0 
re 2S Gf FH by FH Fe be 66 OR OY : : Write 1/0 
ore Ly LeeLee Lae : - : : - : - Interrupt acknowledge 
or . : : : 3 - A 2 : 5 8m OF Inactive term 
eee == a a a a ee eee ee el ken eh aed tT ee eee 
XCS- Li Li Ho. LL Lae el eHy, Lee Read 13/0 at 74LS139 
OF 2 Lies Hee Lee. ee ee, ee ee Le L, eee eT Write I/O at 74LS8S139 
eee nla nlite erties Means Reet ee ei Rod Rote ote ke ee ee ee 
TORQ- WLS Lo, He er ae. ee eee Toe Read 1/0 
Oral wih mk ee. . F : é . : " L Write 1/0 
weer ea le ieee ie an Reel lan Ree Rel eke Dee Re, eee ae ee 
FLCS BLS Lee | Lie CL eeLi Liane Ll: . Read diskette 
Ore La Higgs Log ne Loe LoL Lee Hie kL, ae: ; Write diskette 
eee eee een eK Pe KM Fm KH Fm eH KK HM eM Fe KF Ke FH eK ew EO He KK meee wee eee wee wee eee ee 
Yycs~ LiL see IDL eo LeeLee es) foe Read 1/0 at 74LS138 
OT PL MH La) Lie Doel LeeLee. ee L Write I/O at 74LS138 
eee lee eile ee ena Reels eel ied Rented Deke ee ee Re ee ee ee 
XXXX- HH. : : - A Ug : : : 2 : Halt 
or ., L . : r . . . 3 . 2 . 
or. : L : rs . : ; . $ ; / 
or. . , Ff FF . : , , : : . 
<== elie ee eee ln Rees ie eee eee, eek Deke ae Re ee 
Legend: 
L Low signal. 


H = High signal. 


= RA 
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2.4.3.2 Parallel Printer Port. Printers with Centronics-compatible 


interfaces use the parallel printer port. This port contains a 25- 


pin female, D-type connector. 


The basic signals are the output data lines from U44, the PTSTR- 


signal that strobes the data into the printer, and the PBUSY and 
PACK- lines, which indicate to the CPU the oprinter’s readiness to 


receive a character. In regular printer operation, the PBUSY line 
goes high when the printer is not ready to receive a character and 
low when the printer can accept a character. The PACK~- line goes low 
for a short time when the printer finishes with the current 
character. The rising edge of this line generates an interrupt when 
Printer interrupts are enabled by the PTEN line. This interrupt is 
ORed with the “interrupt request 5S” line on the axpansion bus. 


The pin-out of the port is given in Table 2-4. Pin numbers for the 
36-pin printer connector (at the printer end of the cable) are given 
in parentheses. The extra lines are used for various control and 
status functions associated with the printer port. 
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Table 2-4 
bee ee e- eee ew we pwn een wee ee ee = + 
{Signal |Return {| Signal Name | 
5 $e eee ewe eee wee ee & 
| 1 { 19 {DATA STROBE- | 
| | I 
+o eee wee peewee ewe Pr wer owe ee eee He + 
| 2 | | DATA 1 | 
5 eoderlee ieete tte eee eee we Peewee een wwe ee dp 


Se ee ¢=------- eww ween e wn eae 4 
ipetaia,| { DATA 3 
i $e eee wee i + 
j S {21(23) | DATA 4 
peewee eee Powwow ee ec ewe wees wen ew oe 
hi ewan} | DATA S | 
Peewee ee = $m eee ee é 
7 }22(25) } DATA 6 | 
$e ewe eo wwe eee $m we wee eee ewes op 
ja sme | DATA 7 
eee ew ween ten ee mee eee eee we == “> 


J) a1 }24(29) | Busy 


wee ee ew eee mewn eee mew eee eee + 
f 412 | 1 PAGE END | 
| i | } 
$e aneeee erm ee == Se en + 
f} 13d | | SLcT 
{| (ON LINE) | 
ame eee ee $e eee Se ob 
} 14 | AUTO FEED- } 
| i | i 
| j | { 
$e eee mee $e eee wee Site + 
f15(32) | {| PAULT- | 
j | 
wwe ee ew ewe ee ew eee wr wee ee wee & 


{16(31) }25(30) | INIT- 
I } | j 


$e ee ewe awe em ee enw eee eee & 
)27(36) [218(33) | SELECTION- | 
$ ome ee eee ew ewes Sl 4p 


* The numbers in parentheses a 
Centronica-type connector. 
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Printer Port Pin-oOut 


eee ee eee ee ia la ee 
Source | Signal | 
i mee eee me wwe ee ee we eee ee Hy 
System | Data is sampled when | 

| signal is lovw. | 

eee ew eee ee ewe wee ee ww eee ew ee we eee wet 
System | Data output bit. | 
callmtontiontienedioniedieteta ew wwe eee ee ew ee een wwe eee ee Hy 
System | | 
eee eww ewww iN la lel a neo 
System | | 
wee ee eee wee ee ee ewe ee ew ee we ee ey 
System | i 
we wee ee Oe a a ae ww ew ee wwe ew ew ew ee ew ew Hy 
System | i 
seme ee eee a Pee ew Kn wee ew ew ewe em ew we eee ewe ey 
System { | 
eee wwe ee ee Pmt e ee me wee ewe we ew ew eee ee ee ee + 
System | | 
owe een we wwe lee ee el aa ee ae enn 
System | { 
ee Pre wr meee em ewe ew meme mee ee ewe ee aH 
Printer | Another character | 

| can be received. I 

a ee eee ae ee ew ewe we eww we Re wwe ee ee een ewe} 


Printer [| No data‘ can be sant | 
| when signal is high. 


eee eee ee eee te ee ew ee eee we ee ee ey 
Printer | Printer is out of paper | 

} when signal is high. 

—e eee wee eee ee mm an we eee eee ee ee ee ey 
Printer | Printer is online | 

j when signal is high. f 

eee gH se ee we Peer nn mee we ee mew ew ew ew ew ee eee Hy 
System | Printer is to line feed | 


| on carriage return | 
} when signal is low. | 


eee ee ew eee lala ee eee 
Printer | Indicates a fault | 

| when signal is low. j 
re ee ww am a me eee we ee we ee eee 
System j Resets printer when | 

{ signal is low. | 

wee ee eee ee Perr ee wm em me we ee ee eee eee Hy 
System } Always low. | 
eee we we eee eel le ee eee ee ee 


re the pin numbers for the 36-pin 
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“2.4.3.3 Timers. The 8253-S counter/timer IC provides three separate 
timing units. In this system, one is used as & programmable speaker 
osciliator, and the other two are programmable interval timers. 


The speaker timer is clocked by a square wave of 1.25 MHz. Divisors 
-up to 65 536 can generate output frequencies as low as 19 Hz. The 
“high input frequency creates output tones that are more musically 
‘accurate. The speaker timer clock is internally gated with the 
speaker enable (SPKEN), an output of latch U47. This signal allows 
the interruption of tones without a reprogramming of the timer. 


The second timer (Timer A) is used in system-timing applications and 
as a real-time clock. It generates an interrupt signal on the rising 
edge of the timer output when the enable line (address G6 bit 1) is 
set high. Toggling this line low resets the interrupt; holding this 
line low disables the interrupt completely. The interrupt level is 
3. The input clock frequency to the timer is 625 kilohertz (kHz). A 
divisor of 62 S00 generates a pulsewidth of 100 ms, while a divisor 
of 15 625 generates a pulsewidth of 25 ms. 


The third timer (Timer B) its used for special-purpose timing 
applications. It generates an interrupt on the rising edge of the 
timer output when the enable line (address GO bit 2) is set high. 
Toggling this line low resets the interrupt; holding this line low 
disables the interrupt completely. This line is shared with the 
expansion interrupt line IR2. The interrupt level is 2. The input 
clock frequency to this timer is 62S kHz. ¢ 


2.4.3.4 Speaker Amplifier. The speaker timer output goes to an 
amplifier (LM 396) that drives the 6-ohm speaker, providing 
sufficient volume and allowing mixing of signals from external 
sources (option expansion cards). To mix other signals with this 
signal, connect any other signal source (such as the speech option 
board) to P12, the summing input. 


2.4.4 Motherboard Interrupt System 


The motherboard interrupt system can encode eight separate interrupts 
and vector the central processor to eight separate interrupt 
routines. A nonmaskable interrupt (NMI) (which produces the highest- 
priority interrupts) is also available. 


The majority of the interrupt logic is contained within the Intel 
S2S59A interrupt controller chip. The 8259A is programmed for level- 
sensitive input and is the master (only) interrupt controller. 
During the INTA cycle, the decoding logic array always enables the 
contents of the 1/0 data bus onto ‘the system data bus. This 
information is the vector from the S8929A chip, and the system, 
therefore, requires only one controller. 


The 982S9A chip assigns priority to the incoming interrupts, allows 
masking of interrupts, and provides the vector to the CPU during the 
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interrupt acknowledge (INTA) cycle. A series of OR gates and fiip- 
flops permit some interrupt levels to be shared, cause some inputs to 
be edge~triggered, and cause others to be level-triggered. 4 

fi 
The interrupts that come from the expansion bus are active high and 
are, therefore, terminated with a 4.7-kohm pulldown resistor to 
ground. All the pulled-down inputs are connectied to the 8259A chip, 
either directly or through a CMOS OR gate. This connection prevents 
the gate input current from raising the input voltage above the legal 
"low” level through the pulldown resistor. 


CAUTION 


Even though the system is protected, programmers 
and designers using interrupts on the expansion 
bus should be sure to "mask off" unused interrupt 
lines as a matter of good programming practice. 


The NMI detects parity errors on the motherboard RAM system. To 
generate this interrupt with software, set the DTR line on the B2SLA 
USART. The RAM can then be tested without parity-error interruption. 


; 
The interrupt lkevels and their expected uses are given in Table 2-5. 


Fr E 


Table 2-S Interrupt Level Assignments 


Interrupt Bus Line Use 
" 
NMI AOL System parity error, CRT interrupt 
IRO BO4 Communications port 1 
IR1 B24 Communications port 2 
IR2 B25 Communications port 3 


System board timer 2 
Local area net board buffer full/empty 


IR3 na System board timer 1 (clock) 
IR4 B23 Communications port 4 

IR6G B21 Diskette drive, Winchester disk 
IR7 na Keyboard, numeric coprocessor 


na = Not applicable. 
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2.4.5 Motherboard Memory System 


The memory system on the motherboard consists of 64K bytes (K = 1024) 
of dynamic RAM, up to 16K bytes of ROM, decoding logic to establish 
the addresses, and timing and refresh logic to operate the system. A 
connector and the necessary logic permit the addition of one of the 
expansion RAM boards. These boards are available in 64K-, 126K-, and 
192K-byte capacities. After adding the 192K-byte board (bringing the 
total to 256K bytes), further expansion requires the addition of a 
256K-byte board that plugs into the expansion bus. (This board and 
another memory expansion board are fully described in Section 3.) 


2.4.5.1 Motherboard Memory Addressing. The memory space of the 


processor devices used by the motherboard is given in Table 2-6. The 
balance of the system memory is given in Appendix B. 


Table 2-6 Motherboard Memory Map 


Address Device 
Dynamic RAK: 
4 
OO00CO0-OFPFFF 64K-bytes motherboard RAM 
LOO000-1FFFF 64K-bytes expansion RAM board bank 1 
20000-2FFFF 64K-bytes expansion RAM board bank 2 
30000-3FFFF 64K-bytes expansion RAM board bank 3 
ROM Usage: 
FCOOO-FDFFFP 9K ROM space, one wait state (XU62) 
FEOQOOQ-FFFFF 9K system ROM, one wait state (U63) 
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rint betigk: Memory Control Logic. A bidirectional buffer (vU61) 
separates the main system data bus from the motherboard expansion 
memory, thereby providing sufficient drive and margin to the data 
transfers. uU28, the memory hard array logic chip HALI6R4, in 
combination with US53, the 74LS139 decoder, handles decoding and 
timing for the ROMs. Because ROMs and EPROMs (erasable programmable 
read-only memories) are generally slow devices, a wait state is added 
to all accesses to these devices. 


The ROM access times are listed in Table 2-7. 


Table 2-7 ROM Access Times 


Time Required 


Function (in Nanoseconds) 
CS-ROM access 410 
ROM address access 577 


1/O Wait States. The HAL chip also contains the logic to add a wait 
state to alli I/O accesses made by the CPU. The. wait state is 
necessary because many of the I/O devices operate too siowly when the 
system buffer and setup and decode times are included. With the wait 
state, the control lines are active for approximately 600 nanoseconds 


(ns). 


Memory Refresh Logic. The RAM refresh logic operates synchronously 
with the accesses to the RAM memory. Refresh cycles begin only when 


& RAM memory cycle is not in progress. This implies that the RAM 
refresh can occur at the same time as accesses to other system memory 
(ROMs) or I/O space. Each time a refresh cycle begins, a refresh 
timer (one-shot U29) starts. When it times out, it provides the 
signal to begin another refresh cycle. This timer is set to 15 
microseconds (us) maximum, which allows for the worst-case refresh- 
request latency. To maintain the contents of the RAM under worst- 
case conditions, the refresh must occur at least 128 times within 2 
ms. (The average refresh timing is once per 15.625 us). The worst- 
case latency for a refresh request is about 600 ns. 


Once a refresh cycle has begun, it must be completed (including the 


precharge) before the next cycle begins. Tf a RAM access cycle 
starts before the refresh cycle completes, the HAL state machine puts 
the CPU into a wait state until the refresh operation completes. In 


the worst case, this delay could extend the normal memory access time 
by four wait states, or 800 ns. 


Assuming a refresh timer value of 14 us and an average 600-ns 
Slowdown of the CPU, the refresh overhead is approximately 4.3 
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percent average or 5.7 percent worst case. 


2.4.5.3 CAS and Address Multiplexer Switch. A delay line from the 
RASI- (row address strobe input) line produces the SWM (the address 
multiplexer control). SHM ensures an adequate row address hold time 
(40 ns) and still operates the RAM quickly enough to finish the 
access within the system cycle time. 


The CASI- (column address strobe input) timing depends on whether the 
cycle is a read or awrite. If the cycle is a read, the CASI- signal 
is taken from the delay line 20 ns after the SWM signai to produce 
the ACAS- (advance column address strobe). ACAS- ensures an adequate 
column address setup time to the RAM and stiil gives fast RAM access. 
If the cycle is a write, then the CASI- signal is taken from the 
falling edge of the system clock, which is about 150 ns after the 
occurrence of RASI-. This delay allows time for the data from the 
Processor to propagate through the data buffers and the parity 
generator chip (U31 74LS280). 


To control the generation of the CASI- pulse, fiip-flop U33 is timed 
with CLK- (the system clock), samples the delay line (ACAS-), and is 
reset by MRDC- (the memory read signal). The output of the flip-flop 
is then logically ANDed (U34) with the ACAS- signal to generate the 
actual CASI- signal. To prevent the generation of a CASI- pulse 
during refresh, the refresh row address strobe (RRAS~) line holds 
flip-flop U33 in the preset state during a refresh. This forces the 
output of OR gate U34 (CASI-) to a high level. r 

2.4.5.4 Parity Generation and Checking. The parity 
generator/checker chip (74LS280) generates a "1" to the parity RAM 
bit whenever there is an even number of 1'‘s in the data byte being 
written. The parity RAM chip has a separate data bus to drive the 
output Line. A pullup resistor holds this line high when it is not 
driving the output (as in a write cycle). The parity data is then 
taken from the “odd sum” output of the parity generator and used to 
write to the RAM. 


This method of parity checking does not cause a parity error when the 
system attempts to read from nonexistent RAM. (To determine the size 
of system memory, the system software sometimes “feels” for memory 
not present.) 


When the RAM is read, all of the data bits and the parity bit are 
presented to the generator/checker and the parity output is sampled 
at the end of the read cycle. If parity checking is enabled and 
discovers a parity error, flip-flop U33 is set to interrupt the CPU. 
Once set, this flip-flop must be reset by software before additional 
interrupts can be given. If the enable bit (address 3 bit 3) is held 
low, then no parity interrupts (PINT) are generated. To distinguish 
the parity interrupt from other NMIs, the PINT line is fed to U48 
(address it bit 3) and can be tested by software. 
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2.4.5.5 Memory Control State Machine. A hard array logic device 
(HALIGR4 U28), set up as a state machine, drives the memory control. 
This device has four outputs equipped with a set of clocked flip- 
flops and four outputs that are direct combinations of the inputs. 
The AND of the terms on a line ORed with the AND of terms on other 
lines results in low-going outputs. This occurs either directly, on 
those outputs without registers, or after the clock on those outputs 
with registers. 


The signal RASI- activates RAS- out of the AM2964B RAM address 
multiplexer. The signal XWAIT- puts the processor into a wait state. 
The signal MDEN- activates the motherboard memory system data buffer. 
The signal RMSEL- selects access to the ROMs. The signal RFSH- 
instructs the AM2964B address multiplexer to put out the refresh 
address. The signal RRAS- indicates that a refresh RAS is in 
progress. The signal SY- (used internally to the HAL) indicates 
refresh states. The signal SX- (used internally to the HAL) cuts off 
the wait state to the CPU after one cycle. 


Table 2-8 gives the logic for the memory control state machine. 


A timing diagram of the memory system, shown in Figure 2-3, indicates 
the major operations of the memory system. 
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Table 2-8 Memory Control State Machine Logic - HALIGR4 


Input 
MRD- XA18 RASI- RFSH- 
MMR - RMX- XHAIT- RRAS- 
RFRQ IORC- MDEN- sY- 

Output XAiS ATOWC- RMSEL- SX- Comment 
“eee Nl en a NR de ee eee ei 
RAST=. Ly ., .oh Loy ae. Mie |; 0) eG eH . Memory read 

ore: Lia wiLEL ae... vie  -at- enia-e He. Memory write 

Ora. aa’) -M ta 5 6 = & (5 PS wee Refresh 

OT. = at: a: a - Ue. 1. ee. LoL we. ee. All other OR terms 
eee == $—¢—te pe fate pe pone He Fete Hebe bebe pew w www et Kw eww es wesw ee eee ewe re - 
XWAIT=-ILY. vale. © eee g we Pee #4 5 Bile Refresh+read RF1,2,3 

OFaL #. mL 7.0). ae. ee ey og « YY 34'S Refresh+read RF3,4 

tr yy baa FE ee eA Oe aos Woe ne Bde eee Refresh+write RF1,2,3 

or Ly: wl. ee : eas. es - Refresh+write RF3,4 

or =. - 8 -BHVHUL .: gs. 2 pte, ON So a ROM read/write 

tp ar: SOF pe cece oe FF oe ae es ee a 3/O read 

Orge-m 00-7 ae. in oo S oe I/O write 
—_e ee Pepe ge hen Fae fe $F HK HK HFK eH HK HK HM HK HH Pew wwe wm ewe ww RP eK we ee em em em ee em em tee Kee 
MDE N see) 0 oe oe L'a. BH He. RAM read/write 

OrneL a LHEHTLE. iy ee la TR ROM read 

Orwo Ls enheHtL... eee ee eS ROM write 

Oe. ee we Oe ee oe ep. eg a Oe All other OR terms 
ween eee Cele So, Newt lw al a NS Sea a Sl le ed SM ah el a EIR a Nl Nol Iii hE Kole SN Sealine E 
RMSEL- L =H UHSL .. .- a: aa: ee: es) ROM read 

or .kL.H<HL. . i Wb ts ee oe eee ROM write 

OF ar. -) b-ie: Ee aha 1 rom Fog 2 Ss ee All other OR terms 
=e eee ee a ne ge Sa aa Sn ee we Ne eee eel eee 

The following four outputs have flip-flops: 

meee ewe eben se hese pa he eK pe HPohothe fon Heo gepPueeee wwe ew Hm ww www se wee www eww were see 
RFSH- HHH.... . a feces eer Refresh RFi; no memory cycle 

or’... HEH... @.e-1 a. a _ ee ee ae Ie. Refresh RFi; no RAM cycle 

Ore. a 40 a ae 2... pee Le. He, Refresh RF2,3 

Of aa: cee. fe: eee, ee : ie Le. HAE. All other OR terms 
sean == bobo bape fhe spo ho form Fe Heo bo tegege peewee wen nw K— KK HP Km KK ew eww eww rer rss rte 
RRAS - —rces Pa Re Col oe bp le eee els Refresh RF2,3,4 

ie + <e Oeer  oip = 7) groe mot 4s 6 = ec All other OR terms 
eee eee pw en een be soho ee Pw wm em beotosese hone Pepe sew eee ee ew ew eww memes we Te SC esr ee 
syY- : 2 rah | ree soy ee meee oot Refresh RF3,4 

Orda. ar. es ee 7 & we Fe ty ES oe All other OR terms 
owen w= = t= beeen bebe Fe heh —K KK HK SH eK HK HK FH HK Hee mmm em met rr ee remem ener errrerre 
SX- LY.) HUHEL: so. te A ROS ot et ROM read wait cutoff 

ork; Le OHH Lie: yt we A ROM write wait cutoff 

ee SA Me ee 94 i. el Ae I/O read wait cutoff 

ye es Sen ee Ee “oe os 8 Hw ei ees I/O write wait cutoff 

Che og ay Pe aoe We ore EF ey a WT ae ty All other OR terms 
eee eee Po hehehe He Pae foe HPoooe Pete ¢eh enter heten Pewee ww se Hk ew MK HK KP ww HK Mw wee ww ewe wee ee“ 


L = Low signal. 
H = High signai. 
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2.4.6 Floppy Disk Controller 


The floppy disk controller (FDC) section contains a floppy disk 
controller IC (FD1793-02), a floppy disk support logic IC (HD1691), 
and a pulse delay IC (WD2143), all made by Western Digital. The FDC 
@lso has a voltage-controlled oscillator (VCO) and one-half of a 
74LS221 one-shot. Two 2114 static RAMs, addressed by a CMOS 4040, 
act as a sector buffer, and a programmable array logic (PAL) Ic 
decodes and controls operations. Miscellaneous logic handies signal 
timing and buffering. 


The logic described in this section includes: 

* Floppy disk controller Ic 

* Sector buffer 

* Data write precompensation circuit 

x Bata separator 

* Diskette drive interface 
2.4.6.1 Floppy Disk Controller Ic. The Western Digital FD1793-02 
chip is the FDC Ic. This IC does serial/parallel data conversion, 
lLocates sectors on the disk, seeks the diskette drive, and performs 
other high-level functions. <A complete description of the FDi793-02 
chip can be found in the literature available from Western Digital. 
The 1.0-MHz controller input clock provides the correct data rate for 


standard $ 1/4-in diskettes. Because U20 divides the clock down from 
15.0 MHz, the duty cycle is 467 ns low, S33 ns high. 


2.4.6.2 Sector Buffer. During read or write operations, data must 
be _ transmitted at arate between 23 us per byte and 32 us per byte 
nominal (for double-density operation). A sector buffer, operating 


independently of the processor during a read or a write, ensures that 
the diskette drive performs properly. This buffer consists of: 


* ALK x 8 static RAM device 
* A counter (to address the RAM sequentially) 


kt Control logic and a bus buffer (so that the CPU and the FDC 
can access the buffer) 
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Two bits (MO, M1) in latch U47 control the basic operating modes of 
the sector buffer. These four modes are as follows: 


Latch U47 Bits 


MO Mi Mode 

1 1 FDC reads RAM and writes data to diskette. 
0 i FDC reads diskette and writes data to RAM. 
0 0 CPU reads or writes RAM sequentially. 

1 0 


CPU reads or writes the FBC directly. 


The counter that addresses the buffer increments automatically each 
time either the CPU or the FDC accesses the RAM. To set up a fixed 
starting address within the RAM, the CPU writes to the FDC sector 
register while the MO, Mi bits are set to 0, C. This resets the 


address counter. The FDC is not affected because the CPU can access 
the FDC only in mode MO, M1. 


The PAL provides the control logic for the sector buffer, aided by a 
flip-flop that provides a l1-us FDC clock-synchronized signal. The 
PAL uses this signal, derived from the FDC data request (DRQ) line, 
to generate the read or write command for the FDC when the sector 
buffer is in modes 1, £1 or 1, 0. The FDC activates the DRQ line when 


a sector write requires a byte or when a byte is ready in ae sector 
read. 


This control logic and the CPU generate other signals to control the 
RAM and the counter. These signals are given in Table 2-9. The 
timing diagram in Figure 2-4 defines the usage of these signals. 
When the logical AND of terms from one row is ORed with the AND of 
terms from another row, the output goes low when the result is true. 
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Table 2-9 Programming for the HALI1OLS Device 
Input 
IORQ- M1 IORC- 
XA1 MO AIOWC~- DEN- 
Output XAO DRQDB FLCS Comment 
eee oe pee pee Pewee eH eK HE HK HH HK HK HK KH Fe KP ee Ee PH we wm KM ww we Bee wee ewe te wee eset we 
YAO - 53 ee L 3 Hae. 4 Se : CPU <---> FDC Mode 0,1 
or . : : : ; ; L Lae : (Unused) 
=a ee eee eee ee oe ee ee ee ee he Re deities 
YAi - a Loe L HED - se I 2 CPU <---> FDC Mode 0,1 
or . : : A : : LoaLin. : (Unused) 
oaeweee = Oe ee ee he Re hain 
FRD- o 6 LHF L. & : CPU <-- FDC Mode 0,2 
or . ‘ ‘ H L &H . . ° ‘ FDC --> RAM Mode 1,0 
see mene peepee fee pee Peepers foe Pome Pose Fee esee ww HK KK TH KH Pe wt ew eee wee ewer 
FHR- 2 : : Lee Hi ca lege Lo : CPU --> FBC Mode 0,1 
or . : - H H H . “1 4 : FDC <-- RAM Mode i,i 
— ee me oe oe Poe pee fee KP eK fee pe ese fee Pe er forme fhe eee ae wwe wee ee eee wee eet este Soe 
RWE- 49 34 Lb LF yp eh fF : CPU --> RAM Mode 0,0 
or. 4 : H L4H : : A A FDC --> RAHM Mode 1,0 
wae eee eee bee hewn HHH He Kf eK KM Few Pee Poem Kn Pee we ewmw ee nw KK KKK KH ew He ew wee ewe ee 
RCS- Lu Lia. Lila - oak : CPU <--> RAM Mode 0,0 
or . - ; H  . 6H : : : : FDC <--> RAM Mode 1,X 
seen ne me a a ae me aH Ha eK Re RK Fen ee em Pe ees sessment eres rr er eeerrere 
RRST- . H L L LS oe Oo © : Reset counter Mode 0,0 
or... eahae . : - Li. Lae : (Unused) 
een == Power be ee hee spon fuera fee fee few ene few Be ewe ewe ww ew we eT Te we ew eee were Se 
FDEN- L LE. Lee ee : = ae Le : CPU <--> RAM Mode 0,0 
or . : : LHF ; poet L CPU <--> FDC Mode 0,1 
Legend: 


L = Low signal. 
H = High signal. 
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CONTROLLER WRITING TO RAM 


mos ali 


VALID 
READ FOC WRITE'RAM 


DRQD 
DATA [ee 


CONTROLLER READING RAM 


DROGD MO— HIGH, M1—HIGH 
mind ain 


READ RAM WRITEJFDC 2223216-4 


Figure 2-4 Floppy Disk Timing Diagrams 
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2.4.6.3 Write Precompensation Circuit. Using modified frequency 
modulation (MFM) to write certain double-density data patterns on 
magnetic media causes. a "bit shift”, requiring disk write 
Pprecompensation. Compensating for the bit shift prevents the read 
data transitions from moving outside the detection range of the read 
circuitry. As track length shortens toward the center of the disk, 
data bits are stored closer together, so tha bit shift problem gets 
worse. The ideal compensation gradually adjusts the write hardware 
as the track number increases. However, & compromise solution 
produces nearly the same results. The precompensation is turned off 
while the head is over the outer half of the disk, then turned on 
when the head is over the inner half of the disk. Disk drives can 
have either 40 or 80 tracks, so the software checks the type of drive 
installed, then determines the halfway point. For this reason, U47 
(rather than the FDC) controls the TG43 signal. (Halfway point for 
an S-in diskette = TG43 - track number greater than 43.) 


The write precompensation and data separator circuits are controlled 
by U1L4, R17, R18, and R19 on the motherboard. When the RDDATA- line 
(pin 11 of U14) is high, it forces the PU and PD- outputs from the 
WD1691 to a tristate condition. R17 adjusts the PUMP line (pins 
13/14 of Ui4) voltage *o®l.4 Vdc. R18 generates a square wave of 2.0 
MHz + S.0 percent from the VCO (pin 16 of U14). The pulsewidth 
(monitored from pin 5S of U14) should be 750 ns, giving a write pulse 
width of 1867.5 ns. The waveform is visible only when the computer is 
writing data to a diskette. 


R19 controls the write pulsewidth through UWV1S (the WD2143 IC), 
determining the amount of precompensating bit shift. The 
precompensation pulsewidth (monitored from pin «1 of U15 during a 
write operation) should be set to approximately 200 ns. 


The FDC signals EARLY and LATE control the direction of bit shift. 
These signals cause WD1691 to select the appropriate tap along the 
WD2143 (adjustable delay line) for the bit pattern being written. If 
precompensation is not needed on outer tracks, the TG43 signal 
inhibits the precompensation process. 


Because single-density frequency modulation (FM) encoded data does 
not require precompensation, the FD1I631 also disables the 
precompensation when the double-density enable signal (DDEN-) is 
inactive (high). j; 


2.4.6.4 Data Separator. The data separator is composed of two 
parts: clock recovery and separation of the data from the clock. 
The actual separation of data from clock signals takes place in _ the 
FD1793-02 FDC. The #Di691 contains the digital circuits necessary to 
implement a phase-locked loop (PLL), the VCO is a 74LS628 chip, and 
external components provide the loop filter. The one-shot U29 
shortens and stabilizes the pulsewidth of the incoming read pulses so 
that the PLL and data recovery operations operate properly during the 
lockup interval. 
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The PLL provides a continuous clock tocked ina specific phase 
relationship with transitions in the incoming data. For this system, 
the falling edge of the RDDATA- signal should be nearly centered on 
the high’or low pulse of the RCLK signal. 


When the PLL is adjusted correctly, it locks to an incoming pulse 
train in a frequency range from 217 kHz to 294 kHz (+ 15 percent) 
within 150 us. The pulses should be low-going, 2 us maximum applied 
to the RDDATA- input (P9 pin 30), and the DDEN- line must be low. 


Because of the analog nature of the PLL circuits, a linear regulator 
governs the power-supply voltage to the VCO and the Loop filter. The 
regulator prevents digital noise on the 5-V supply from interfering 
with the PLL operation. 


The data separator works with either single-density (FM) or double- 
density (MFM) data. The choice is controlled by the DDEN- line. 


2.4.6.5 Diskette Drive Interface. The diskette drives communicate 
through a series of buffers and receivers. Low-impedance ribbon 
cables connect the controller to the drive. P9 connects the internal 
diskette drives, and Pi3 connects the external drives. aAill Signals 
driven by the controller (except for the SID1- Signal) have separate 
drivers for each connector. The receivers with their terminating 
pullup resistors are shared between the two connectors. 


Connector P9 interfaces with a 34-conductor ribbon cable that has two 
34-pin, card-edge connectors (one for each of the wtiskette drives 
that can be mounted inside the system unit chassis). There is always 
one diskette drive installed in the system unit, mounted on the left 
Side (as viewed by a user). This drive should be” strapped for SELECT 
on pin 10 (drive 0). When only one drive is installed, the select 
line and ali common lines except pin 32 (side select) should be 
terminated at the drive. 


If another drive is installed internally, it should be strapped for 
SELECT on pin 12 (drive 1) with only the select line terminated. 
With two drives installed, the terminating resistor must be installed 
on the right-hand drive (drive 1) only. 


NOTE 


The floppy disk controller and individual 
Giskette drive logic signals assign drives using 
the convention of: DRIVE 0, DRIVE 1, DRIVE 2, 
and DRIVE 3 (for aéefour-drive system). The 
diagnostics diskette uses the convention: DRIVE 
1, DRIVE 2, DRIVE 3, and DRIVE 4 for a four~drive 
system. Operating systems may use yet another 
convention, such as DRIVE A, DRIVE 8, DRIVE Cc, 
and DRIVE oO. Be sure to use the correct drive 
designator. 
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Connector Pi3 interfaces with a 40-wire ribbon cable ending in a 37- 


Pin, D-type connector. The user mounts the mate to this connector on 
the back panel of the system unit chassis. When external drives are 
installed, all lines used must terminate at the external drive. 

m 3 


All diskette drives must be of the same type. That is, all must be 
either 320K-byte drives (double-sided, 48 tracks per inch [tpij}) or 
all must be 640K-byte drives (double-sided, 96 tpi). A jumper from 
Ei to E2 selects 320K-byte drives; a jumper from E3 to E4 selects 
640K-byte drives. The absence of a jumper selects i160K-byte drives. 
A jumper can be on either E1-E2 or E3-E4, but not both. 


The diskette drives do not nead head-load solenoids for proper 
operation. However, if the drives are equipped with head-load 
solenoids, they should be strapped for head load with the motor on. 


The signals STEP, DIRC, HG, and WDOUT are buffered by the 74LS8244 in 
order to drive the two standard 7416 loads. This buffer is necessary 
because the FD1I793-02 and the WD1691 can drive only one TTL ilioad. 
The input signals WRITEPROT-, INDEX-, TRKOO-, and RDDATA- are 
buffered by the 74LS244, providing more static protection than the 
MOS-device inputs, and a small amount of hysteresis. 


To install external diskette drives, a short cable assembly links the 
motherboard connector P13 with a 37-pin, d-type connector on the back 
of the system unit chassis. Section §& contains the wiring assembly 
diagrams for this cable. (External diskette drives require an 
external power source. ) : 


Table 2-10 gives the pin-outs for the internal diskette drive 
connector on the motherboard. Table 2-11 gives the pin-outs for the 
external diskette drive connector on the motherboard. D-type 
connector pin numbers are given in parentheses. 


TECHNICAL REFERENCE 


SYSTEM HARDWARE 


Table 2-10 Internal Diskette Brive Connector Pin-Out 


Deedee fae oe ee 
\Signal|Return| Signal Kame 
ewe eee $e eee = ee ee 
| 2 | 1 | aaa 

$e ee == eee eee eet ee 
4 | > | a 

eee ee $eee--= Se tek a 
| 6 | Ss | a 

beeen wee ie ee oe Peewee eee eee = = 
| ef 7 | INDEX- 

$e ---- $e eee w= Pw mw wee ee ee eee 
; 10 | 9 | SELECT 1-~ 
ee wee wee ee ween ew eee eee 
/ 12 J a1L Jj SELECT 2- 
panne an $e ew www Hw eee ee eee 
jie '4 ie Set =< 
#—-—----- $—o-----= Pm ewe me ww ew ee 
i 16 | aS | MOTOR OX- 
heme = = em me - == Peewee ew eee ee = 
| 18 | 17 | BIRECTION- 
eee ee = tone we = ewe wee ee ee ee ee 
} 20 j 129 #=‘'| STEP- 

bee ee ew = enw ew we bee eee ee ene ew oe = = 
1, 22 %$ 23 #=%:|| WRITE DATA- 
eee ee = = pew ew ee ew eww ewe eee eee 
|} 24 § 23 #=| KRITE GATE- 
| 

+ wo oe poe Se ie eate tee ted aie Reade ie ton 
| 26 § 2S #| TRACK oOo- 

| 

eee ee == eww eee ewww ew ee ee ee 
tf 28 | 27 &X| WRITE PROT- 
eee = = — Se Peer enn w ee ee He 
} 30 f | 29 {| READ DaATA- 

dp an a um oe me we paw we eee eee eee ee 
} 32 | 32 | SIDE 1- 

| 

pe we ee to wee Se 
| 34 {¢ 33 | lies 
pe ae me me we Stee ietondiees $e ewe wee ew ee eH 


* NC = Not connected. 


Source | 


mee ee ee ee ee 


= ae ee ee 


me eee eee 


A os 
Function | 
Crt i i ee + 
-~ 
a Be 
-- 

me ee ere cee eee ee ee ee ee + 
-- | 

ee eee ee ee ee + 
Indicates index hole | 
Sm ee eee ee ee + 
Drive select 1 | 
eee eee ee eee a dis 
Drive select 2 f 
Ci en ey ee se qe 
-- | 

eee ee ee ee eee ee ee oe + 
Drive motors ON ] 
oe eee ee ee eee i a ee ee +> 
Step IN/OUT direction | 
ee eee ee ee cre ne eee ee ee ee oe i= 
Step IN/OUT command | 
ee .. 


Enables writing to drive] 
when signal is low | 


see ee ew ew eB ew ee ewe eee eB eee ee ee +> 
Indicates head is over § | 
track OO when signal | 
is low | 
see ee eee eee ee ee eee ew ee ee + 
Indicates diskette | 
is write-protected i 
I eee ota 
Serial data from drive | 

= ee eee i ee eee id 
Side select (0,1 = { 
high, low) | 
=—S EEE eB ee ee ew ee eee ee + 
-< | 

ey tee ee ee i eo +> 
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Table 2-11 External Diskette Drive Connector Pin-oOut 


ee $e Pewee wee eee wee pow ee eo ee w eee eee ew mee eee ewe * 
{Signal|Return| Signal Name j|} Source | Function } 
oe eee peer ee Peewee ee ew eee es eee ewe Kee Pee ee em we mw ew wee we em ew ewe eee een + 
} 2 (1)} 1(20)] ats } NCc® ! mea ! 
St oe eee Peer ew ewe ee = $e re wre ewe 9 le ee 4p 
f 4 (2){ 3(21)] rt } NC | “F | 
Frew eee Sd ee 5 ee Fete ww eww eee ee ew ee ww wee ee ee + 
} 6 (3)}] S(22)) == } Nec | oo | 
$e eee Hone e we el NE ed +o enn eee e Pee ee me me me Re ere eet eee ew ee ee wee 
} 8 (4)f 7(23)| a } NC | am 
eee eee Seaton ie lenteeien! Pome ew eee wee eee ee -- Pe ee wwe mmm me ewe wee ee ew eee ee up 
J10 (S)] 9(24)f a } NC | = I 
eee ee Hn fore noe eee wee eee eee Kw Peer enw eee eet eee ew wee eww ewe &p 
{12 (6)411(25)} INDEX- { Drive | Indicates index hole i 
Pew n ewe $e eeeee oe ee ee ee $e een ee ee Pr ewe ew ewe wee ewe eee ew wee eee te 
$14 (7)]13(26)|] MOTOR 3- | System | Drive motor 3 enable | 
$eeeeree tome we ee ee ee ewe eww ee Peete wn wee meee sees www eee e w= ap 
{$16 (8))/15(27)} SELECT 4- | System | Drive select 4 | 
tow een e aw ewes ewe ewe eee eee $—-—----- ee ee eee en + 
{28 (9)]17(28)] SELECT 3- { System | Drive select 3 | 
fener we poem een Peewee nwo e eee ee ke te ee oe de 
{20(10)419(29)] MOTOR 4- { System | Drive motor 4 enable | 
eee Few ene = Det tena ewe = pew enn me wm em ee ew RM eR ew ew em ew ee wee + 
{22011))]21(30)]{ DIRECTION- =| System | Step IN/OUT direction 
Prem ene poe nee Pree wenn wee oe ee SMI I HE LI SRI NSIC NI HIM + 
}24(12)]23(31)] STEP- | System | Step IN/OUT command | 
e—-—-—---- $e ne --— Se Se Hmmm we wwe ee ee ee ee ee eee eee + 
{26(13)]25(32)] WRITE DATA- | System | Serial.data to drive | 
Powe wwe fee eee peww ene nw eer ee $e ew we = ee ee + 
{28(14){27(33)] WRITE GATE- | System | Enables write when low (| 
eww een S heaioedentiontonties eee eee ------ ee oe ee ee Pew nw ween wee eee ee ee ee ee © 
}30(15)]29(34)] TRACK OO- |} Drive | Indicates head is over j} 
| j | | | track 00 when low | 
eee ene == ome = ee ew ew mem ee ee ew eee Powe wow en Pew wm wwe eee ee ee ew wee et eee + 
}32(16)]31(35)] WRITE PROT- | Drive | Indicates diskette 
| } | | i is write-protected | 
S ideadiatietcdom erence vw = Peewee nw wee ee eK eee ee ee ee Peewee www enw ewe ewe ee ewe wee ee & 
$34(17)133(36)] READ DATA- { Drive | Serial data from drive | 
oe --- eee ee eee em ee ee eee Pew eee ewe ee & 
[36(18)]35(37)] SIDE 1i- | System | Side select (0 = high) i 
$e ween Peewee es owen ene ewe ee $e em ee Hee = Peewee nw we ww ewe me ew ewww ew em ee we + 
{39(19)]37 oe | NC | ae | 
ee Peewee a Pecw ew anwe craw #eew ee eH == De ee Ss 
{40 {39 | ie | NC | aS | 
eee ee $ee ee $e ene wee eee ee +o ee wee = Th ee +e 
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2.4.6.6 Diskette Drive. The Texas Instruments Professional Computer 
is equipped with one 5S i/4-in, double-sided, diskette drive. The 
self-contained unit consists of a spindle drive, a head positioner, 
and a read~-write-erase system. 


Plastic guides help to position the diskette inside the diskette 
slot. After you insert the diskette and close the access door, three 
things happen: the diskette clamps to the drive hub; a S00-ms delay 
begins, and the servo-controlled drive motor starts. 


The head positioner is a 4-phase stepper-motor and band assembly with 
some related electronics. It moves the head (using one-step rotation 
to cause a one~-track linear movement) to the proper track of the 
diskette. 


The following sensor systems are built into the unit. 


* The track O00 sensor. This switch determines that the 
head/carriage system is at track oo. 


* The index sensor. When the phototransistor sees the LED 
light source through an index hole, it sends out a signal. 


* The write-protect sensor. When this switch finds a write- 
protect tab applied to a diskette, it disables the write 
head. 


The diskette drive reads and writes digital data using MFM. The 
write operation records a 0.33-mm (O.013 in} data track, which is 
later tunnel-erased to 0.30 mm (0.012 in). . The track-to- track 
access time is 6 ms. The drive speed is 300 rpm. 


Table 2-12 gives the specifications for the diskette drive. 
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Table 2-12 Diskette Drive Specifications 


- 


Physical Dimensions: 


Height 985.85 mm (3.38 in) 
Width 149.10 mm (8.87 in) 
Depth 203.20 mm (8.00 in) 
Weight 2.04 kg (4.50 1b) 


Environmental Parameters: 


Temperature Operating Storage 
o o ° o 
10 € to 40 ¢€ -40 C to 685 ¢ 
oO o o ° 
(S50 F to 104 F) (-40 F to 149 F) 


Relative Humidity 
re) 

(@ 40 F wet-bulb 

temperature, 


no condensation 20 % to 80 4% § © to 95 % 
¢ 
Altitude Mean sea level Mean sea level 
to 10 000 ft to 45 000 ft 


sa 


Power Requirements 


Voltage Current 
#5 Vde (+¢/- 0.25 V) 600 mA 
#12 Vde (+/- 0.6 V) 900 mA 
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2.4.7 CRT Controller Board 


The CRT controller board drives either a monochrome analog or a color 
TTL display and makes the Texas Instruments Professional Computer a 
complete alphanumeric and raster graphics system. 


As a stand-alone option, the controller board provides one page of 
high-resolution (80 columns x 25 lines) alphanumeric display. This 
board also supports the optional graphics video controller piggyback 
board, which is described in Section 3. 


The system makes no physical distinction between color and 
monochrome; the board supports output in either eight-level gray 
scale or eight-color RGB (red, green, blue). Color is determined by 
the monitor used. Refer to Section 6, drawing 2223011, for logic 
diagrams. 


Figure 2-S is a block diagram of the alphanumeric CRT controller 
board. 


Table 2-13 lists the video ac parameters. 


Figure 2-6 shows the timing diagram for the Alphanumerics State 
Machine PAL. 
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a Table 2-13 Video AC Parameters 
Ref* Parameter Value Valuexx Tolerance 
A Video dot frequency 18.000 MHz ~= i 4% 
B Video dot pulsewidth $5.55 ns a 1 4 
e Character block 
horizontal 9 dots -- -- 
D Character block 
vertical 12 dots 14 scan lines -- 
E Number of character 
lines 25 rows ~~ =~ 
F Characters/character 
line 80 columns =~ -- 
ed Number of active 
scan lines 300 3590 -- 
H Total scan lines 320 385 -- 
J Vertical syne width 0.156 ms 0.156 ms i 4% 
K Vsyne front porch Oo ms Oo ms 1% 
L Vsyne back porch 0.884 ms 1.664 ms 17% 
4 Vertical blanking 
interval 1.040 ms 1.82 ms 1 % 
ON Active vertical 
display time 15.60 ms 18.20 ms 1 4% 
Ps Total vertical time 16.63 ms 20.02 ms 14% 
( Q Vertical rate 60.10 Hz 49.95 Hz » 2 Hz 
R Hsyne- width 4.50 us == 1 @ 
s Hsyne front porch 2.00 us mI 1 4% 
T Hsyne back porch 5.50 us “= * 1-% 
U Horizontal blanking 
interval 12.00 us “= i @ 
Vv Active horizontal 
display time 39.99 us -- 1 & 
W Total horizontal time Si.99 us -= i @ 
x Horizontal rate 19231 Hz “= 100 Hz 


* Letters refer to areas on the timing diagram in the 
next figure. 

*x These values reflect the vertical timing adjustments 
for SO-Hz refresh. 


CAUTION 


2O-Hz operation can be used only in areas that 


run on 30-Hz line frequency. Using S0O-~-~Hz 

operation in any other area can damage your 

computer. To select SO-HZ operation, jumper pins 
\ ES-E6 on the motherboard. 
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Figure 2-6 
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Bisplay characteristics r 
Character attributes 

Character sets 

Cursor 

Scrolling 

Video connector 

CRT controller [IC 

CRT screen/CPU arbitration logic 
CRT address decode logic 

Character sets and attribute logic 
CRT interrupt logic 


Diagnostic loopback 
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CRT controller board features described in the 
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following 


2.4.7.1 Display Characteristics. The display characteristics are as 


follows: “ 
®* AT7?x 9 character in a 9 x 12 image cell 
* Twenty-five lines of 80 characters 
* A resolution of 720 pixels horizontally x 

vertically 

* A horizontal scan rate of 19 200 lines per second 
* j.A vertical scan rate of 60 (SO frames per second) 
x A dot rate of 18.0000 MHz 


NOTE 
The horizontal scan rate is an important 
consideration. Many monitors available today 
have a horizontal scan rate of 15 750. Only 


monitor having a horizontal scan rate of 19 200 
dines per second can operate with the Texas 


Instruments Professional Computer. 
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2.4.7.2 Character Attributes. The controlier’s video memory is 
organized as 2K bytes x 16 bits. The first 9 bits convey character 
information. The second 8 bits select the following attributes on a 


character basis: 
* Bit O, intensity level 1 (blue) 
* Bit 1, intensity level 2 (red) 
x Bit 2, intensity level 4 (green) 
* Bit 3, character enable 
* Bit 4, reverse 
ke Bit S, underline 
* Bit 6, blink 


* Bit 7, alternate character set 


NOTE 


The three intensity bits (bit 0 through bit 2) 
determine the gray scale intensity level and. the 
RGB outputs for .color. Thus, hi/fnorm video’ in 
monochrome is handled by a one-of-eight intensity 
select instead of a high-intensity bit. * 


To access the attributes, the software writes the attribute values 
into an attribute latch. The attribute value is then assigned to the 
character each time that character is written to the screen (until a 
screen read is done). 


When any character on the screen is read, its attributes are copied 
to the attribute latch. These values are then read by a subsequent 
latch read operation. 


Handling the attributes by this method ensures that, in block moves 


(moving data from one screen area to another), the characters retain 
their attributes. 
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2.4.7.3 Character Sets. The video controller contains a 4K 
character generator ROM, which contributes 256 characters. Use the 
socket provided to add an optional 2K or 4K ROM/EPROM and expand the 
character get to the maximum S12 characters. Attribute bit 7 selects 
the expanded character set, 


Refer to subparagrahph 2.4.8.4 for more information on the character 
ROM. 


2.4.7.4 Cursor. Programming can change the cursor appearance. The 
possibilities include blinking, non-blinking, block, underline and 
reverse-video. Hardware handles the cursor display through a special 
set of registers in the controller. Using these registers, the 


software can position the cursor anywhere on the screen (or off the 
screen if no visible cursor is desired). 


2.4.7.5 Scrolling. The hardware maintains a screen start register 
that supports character line scrolling in four directions. The 
software determines the need for a scroll, then changes the value of 
this register by one line. The screen appears to jump by one line. 
The scroiling operation always affects all of the screen. It is not 
possible to scroll one region without affecting another. 


Because the controller contains only 2K bytes of screen memory, 
scrolling results in a “wrap”; the original top line of screen 
contents moves to the bottom of the screen. Therefore, the softvare 
must clear the top iine of the screen (or bottom) before the scroli- 
up (or -down) operation. To simplify programming of the line clear 
operation, the 2K bytes of memory is phantomed over a 4K-byte address 
space. 


Status lines must be implemented in software. That is, during scroll 
operations, the status line must be moved to its new memory position 
before writing. The screen start register changes the screen-to- 
memory correspondence. 
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2.4.7.6 Video Connector. The video connector located on the rear 
.@dge of the PHB is a standard, 9-pin, female, D-type cannector. This 
connector is for a color display unit. The signals available on this 
connector are given in Table 2-14. All signals are at standard TTL 
levels. 


Table 2-14 Color Video Connector Pin-Out 


Pin Function 


Ground 

Logic ground 

Red video 

Green video 

Blue video 

Logic ground 

NC (no connection) 

Horizontal drive (NEGATIVE TRUE) 
Vertical drive (POSITIVE TRUE) 


o@On aaewwn ke 


The other video connector, on the lower rear edge of the PWB, is a 
standard RCA phono jack. This connector is for a monochrome display. 
The signal available at this connector is a composite type, 1 V peak- 
to-peak, 7S-ohm load. 


S 


2.4.8 CRT Controller Ic 
The CRTC IC (6545A-1) contains the logic for: 

* Generating the horizontal and vertical synchronizing signals 

* Bianking display during retrace 

* Addressing screen memory during screen refresh 

x Cursor coincidence 

* Starting screen display registers for use in scrolling 
The CRTC contains eighteen registers that must be appropriately set 
before board operation begins. To access these registers, the CPU 
first writes the address of the register to be accessed into the CRTC 
address register. Then information can be written to that register. 
When writing to or reading from (where appropriate) the data 


register, the information is accessed by the address latched in the 
address register. 


TECHNICAL REFERENCE SYSTEM HARDWARE 


Table 2-15 shows how to program these registers, using the signals 
chip select (CS), register select (RS), and read/write (R/K-). 
Assume the following conditions: 

* A character rate (SWM-) of 2.0 MHz 

* 12 lines per character block 

* 25 rows on the display 


* 24 character times of horizontal blanking (12.0 wus) 


x 20 line times of vertical blanking (1.04 ms) 


For more detailed programming information, refer to The Synercom Data 
Book. 
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Table 2-15 CRTC Programming Values 


¥ 


Register Register Refresh Rate 

Signal Name Address Name Value 
CcSs- RS R/K- 60 Hz $0 Hz 
H xX Xx -- No register selected —— ~— 
L L L SS Set address register Sn a 
L L H =a Set status register uc -- 
L H L 0 Horizontal total characters 

minus one io3 L903 
L H L 1 Horizontal displayed 

characters 80 80 
L H L 2 Horizontal syne position 94 84 
L H L 3 VSYNC width, HSYNC width 33H S9OH 
L H L 4 Vertical total rows minus 1 24 31 
L H L 5 Vertical adjust lines 20 oo 
L H L 6 Vertical displayed rows 25 25 
L H L 7 Vertical syne position 25 28 
E H L 8 Mode control OOH OCH 
L H L S$ Scan lines per row minus i it 1t 
L H L 10 Cursor start line and BLINK 40H 40H 
L H L Li Cursor end line il 11 
L H L 12 Display start address high 00H OOH 
L Bi L 13 Display start address low OOH OOH 
iL H X 14 Cursor position address high OOH OOH 
L H xX 1S Cursor position address low — OOH 00H 
L H H 16 Light pen position address high -- ~= 
L H H 17 Light pen position address low “= -— 


Legend: 
H = High signal. 
IL = Low signal. 
X = Don’t care. 
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2.4.8.1 CRT Screen/CPU Arbitration Logic Subsystenm. The CRT 
controller arbitration logic gives the programmer free access to the 
CRT display. There is little overhead time caused by arbitration 


conflicts, because the refresh memory and its control logic allow two 
complete memory cycles between each character displayed on the screen. 
One cycle accesses the character for display; the CPU uses the other 
cycle for read or write operations. Therefore, the CPU waits less than 
two display-character times for memory access. Because a character 
time is 500.6 ns and the CPU clock is 200 ns, a synchronization delay 
can occur. The total time for a worst-case CPU access is 1.0 us. The 
usual access time is 600 ns (3 to 0 wait states). 


The logic that generates this arbitration scheme includes a counter 
(which also counts the nine dots per character), a PAL (which has 
internal registers and gets feedback from the outputs), and a small 
@lphanumerics state machine (which provides RAM buffer control, control 
outputs for the RAM, and the wait state control for the CPU). The 
counter uses inputs to the PAL to identify the state within the display 
cycle of the state machine. The internal PAL registers define other 
states used during the CPU read and write cycles. To define the CPU 
cycle type being executed, the PAL uses the inputs RD-, WR-, CSEL- 
(character select), and ATSEL-(attribute select). ; 


The outputs from the PAL are: 
* COE-, the RAM output enable 
* CWE-, the RAM write enable 
* AEN-~-, the attribute bus buffer enable 
* <AOE~, the attribute latch output enable 
* ACK~, the attribute latch clock 
k MIE-, the character bus input buffer enable 


* SHM-, the. signal that switches the RAM address multiplexer 
from the CRTC to the cCPU 


* WAIT-, the CPU wait control line 


The counter (U24, a 74LS163) goes through states 
8,9,10,11,12,13,14,15,0, and repeat. 


Latch U10 is included because the window (when read data from the video 
RAM is available) is rather short. This latch captures and holds the 
data for the CPU until the end of the CPU read cycle. The ACK line, 
which clocks the attribute latch, clocks this latch when read data is 
&€vailable from the RAM. The output is enabled onto the local bus by a 
combination of CSEL- and RD-. 
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The CRT arbitration PAL programming is given in Table 2-16. In the 
"comment” column, the states generated by the AND of inputs are listed 
according to the counter state number. When the logical AND of terms 


from one row is ORed with the AND of terms from another row, the output 
goes low when the result is true. 


Refer to Figure 2-6 for an illustration of the timing produced for 
typical cycles by the alphanumerics state machine. 
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Table 2~16 


Input 
Xi RDB- SHMUX AEN ~ 
X2 KR- MIE- ACK- 
X4 CSEL~ CWE ~ AOE- 
Output LDO- ATSEL- COE- WAIT- 
om elle tele ele deeds ele ele Date a, ee ee ee ee ee See See 
SHMNUXE: °.@L : 78, a... - Ale 
Orde...) Le eae. 8 ee. 2) ee oe, 
<7 ar me om om on Pe Fe FF KH HK HK HH HK HK HH HK HK HU HK HHS 
MIE*S CLL. LILY. a. eee EL 
O fae. ys es 4 oF + o #910 wr oor 
Ofee- 5 -@e so siit- >.) > ee, wet. a Le, ats ae, ee 
—— = = = = ie il lela et ed ele Bee el ee ee oe ne cee 
CHE-SL’ LyLiHs. (Lele a se ae. Ae LVL 
OrzJHaLELeHeaL Le... eile. ele. a 
Ora LGHi LING a LI Linen). Lave. a" 
or AS Ae Bt pp on A A Beh A CAE 
<= ee lela intel tele ele ls ele Rote ao, ee oe oe eee ee See ee © 
COE- iow Bf AO ee ee A ie ol! > 
or. LEH#L L : ree ee EP i 
ODS’. a. . a. aL L : ~ ty we 
ory .u.  HeL ye A 1 tex <) Pho 
-s-se = tert ete tenet eee te tsem se feo ge ye an Huge unt 
AEN- Li.iLtLdaH LL a) pe BR BF 
Ont. , - a: bes. es fs 4 Pa Bay 
Ore.) tL ahs La. Liat. oe XL 
Of. HELD eHE Lis. ola: ee. 2 Ee ee 
Ori. @- ene Lie. o-..e. te . BY Me a Fe 
ee oe i ieee ie ele eel ele tl te oe a ee oe oe ee ee 
ACK=Se HU HOC HEL) tf ee) ee eeT, er 
OFM i 4).0) a. ae. a L, L 5 oo mo sp x 
One. ». 7HUtLee os. 2 wim Get oO. ¢ 
=== Pet n te tet HFK eK SK SHE HK HK HER HH HERES 
AOE-. LLL L LL. y» £ 4 H L 
Of. @ .) Bile ats Tilo) Lo % @& b Aes tek 
OFi7 1.) @-08 - lis soe Li. eo BeBe 
oer fo ob A BR melee 1 AK AA BS 
Ora cis. LV Lae ee. +i en Le 
=< eae elie ili Mle Mele eel ele Bel Doe ok ee oe ee ee en eee 
WAIT~ . n LB £ ; : oe, or 
or . a ls oe Lee Bem Ebiih wm oc 
Ore. tiny Lae eee ; 7 oh Be 
ene ee fete tet tet FH FH Fe ee eH HK ee HH HO} 


Legend: 
L = Low signal. 
H = High signal. 
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Alphanumerics State Machine PAL 


Comment 


$8,9,10,11,12 X4 delayed 
All other terms 


S3 RAM write begins 
$10,11,12 RAM write continues 
All other terms 


S9 RAM write begins 

Sido RAM write continues 
S11 RAM write continues 
All other terms inactive 


=——_— ee ee ee ee ee eee 


513,14,15,0 screen refresh 
$9,110 RAM read 

$10,11,12 RAM read continues 
All other: terms inactive 


S9 RAM write begins 

S$10,11,12 RAM write continues 
$9,100 RAM read 

S11,12 RAM read 

All other terms inactive 


ee ee ee ee ee 


S12 RAM read 
Write attribute latch 
All other terms inactive 


ee eee eee ee 


S8 RAM write 

SS tiil not write 
Read attribute latch 
Sis till not read 
S13 till not read 


=e—_—_— ea ee ee = = 


RAM write before $9 
RAM read before S$9 
All other terms inactive 


—— ee ee ee eee ee 
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2.4.8.2 CRT Address Decode Logic. The CRT controller board handles 
both alphanumeric~ and graphics- address decode for the CRT subsystem. 
All of the screen data is mapped into the processor memory address 
space including the assorted latches and I/O ports. 


The decoding is done with three ICs: a HALLOL&S PAL, one-half of a 
74LS20, and a 74L81S5 decoder. The PAL produces the following signals: 


* ZBEN-, the master expansion bus buffer enable 
* XBEN-, the secondary bus buffer enable 

* RD-, a decoded and buffered read control 

* WR-, a buffered and decoded write control 

* GSEL-, the graphics screen memory select 

* CSEL-, the alphanumerics screen memory select 


* CR/AT-, selects one half of the 74LSi1S5 (which decodes the 
CATC and the attribute latch) 


* XSEL~, selects the other half of the 74LS15S (which decodes 
the graphics latch and the miscellaneous input buffer) 


The XBEN- signal develops an enable clock for the CRTC by inverting and 
delaying the signal that provides the required setup time (90 ns) for 
the 6S54Sa-1 CRTC. The CRTE (CRT enable) signal has a pulsewidth 
greater than 266 ns, satisfying the requirement of the CRTC. The other 
setup and hold times are easily met. 


The 74LS155 decodes the following signals: 

* ATSEL~, the attribute latch select 

* CRISEL-~, the CRTC chip select 

* LAT- 
LAT- combines with HWR- and clocks the interrupt enable and screen 
enable latches. The other haif of the 74L8S15S decodes the three 
graphics board latches and the buffer enable for miscellaneous inputs. 


The address space that each of these devices occupies is given in Table 
2-17. 
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The red, blue, and green outputs are buffered by a 74LS244 before Deing 
sent to the 9-pin connector. The color outputs and composite sync are 
buffered by a 74800, which has an isolated power supply. They are 
combined by a resistor network and buffered by a transistor to make up 
the composite video output. The mapping of colors to intensity in the 
composite video output is given in Table 2-19, 


Table 2-19 Color Map 


Composite Video Output 


Code Color (in Volts) 
Composite syne 0.47 
000 Black 0.78 
Ooi Blue 0.88 
010 Red 0.97 
O11 Magenta 1.07 
L100 Green 1.18 
101 Cyan i.28 
110 Brown ie 7 
iii White 1.47 


To blank the alphanumerics display to black, set the CRT ENABLE bit in 
the miscellaneous output latch to low. The board enters this state on 
power-up. 4 

2.4.8.7 CRT Interrupt Logic Subsystem. The CRT controller board 
contains a logic subsystem that allows the CRTC to generate an 
interrupt during the vertical interval. The processor uses this 
interrupt when doing scrolls with a status line or other operations 
that must be done during the vertical blanking interval. To enable 
this interrupt, set the interrupt enable bit in the miscellaneous latch 
to high. Vertical blanking causes the CPU nonmaskable interrupt, and 
the interrupt pending bit is set. This bit is read from the 
miscellaneous buffer. To reset the interrupt, set the interrupt enable 
bit to low. 


2.4.8.8 Diagnostic Loopback. One diagnostic requires that the three 
color outputs be looped back to the miscellaneous input buffer so that 
the CPU can read them. Using a program with careful timing from the 
vertical interval, the CPU can check the action of the atribute bits 
and the graphics board palette circuits. 


2.53 EXPANSION BUS 


The other logical function area of the motherboard is the expansion 
bus. It provides space for the different option boards available for 
the Texas Instruments Professional Computer. 
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2.4.8.5 Attribute Interaction. The attributes available for use with 
the character dispiay can be used in any of the 128 possible 
combinations. The foilowing paragraphs explain what happens when 
several attributes are active at once. 


The attributes have a priority in their effects, and the highest 
priority attributes affect all attributes that have a lower priority. 
The order of priority is as follows. 


Highest Color attributes - red, blue, green 
Reverse video and cursor 
Character enable 


Blink 

Lowest Underline 
For example, when the underline and blink attributes are set, both 
character and underline blink. When the character enable is set to 
disable, no character, underline, or blinking activity is present. 


When reverse video and blink are set, the character goes on and 0off, 
the background is lighted, and the foreground is dark and blinking. 
When the character enable is set to disable and reverse video is set, 
the entire cell is Lighted (according to the color attributes). 


The color attributes define the characteristics of the "light" portion 
of the character, that is, either the color (when a color monitor is 
used) or the intensity (when a monochrome monitor is used). 


When the graphics board is used with the alphanumeries CRT controller 
board, the graphics screen “shows through" the “dark” portion of the 
alphanumeric character display. 
a, 

2.4.8.6 Attribute Hardware. The attribute logic design is of the 
“pipeline” type because the activity of the attributes must occur with 
dot~-timing precision (within SS ns). To get data from a latch, through 
several levels of logic, and set up into the next latch, some SCHOTTKY 
logic is used. The attribute data from the RAM latches is latched 
again by two 74S17Ss (U16, U17). This latching allows for the one- 
character delay through the character ROM and provides tightly timed 
outputs to the logic. The cursor (CUR) and display enable (DE) lines 
are also delayed twice to keep them synchronous with the other 
information (U18). 


Propagation delay through the logic can cause timing skews greater than 
a dot time, so the outputs of the first logic level are relatched one 
dot-time later. After going through the second logic level (MUX U20), 
the outputs are latched again for presentation to the video outputs 
(U39 7485174). 
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Two encoding examples are shown in Figure 2-8 


Example 1 
character, 
and binary 


Example 1: 


is the letter "“"E, 
illustrates some 


4 Example 


2, 
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meaningless graphic 


specific applications. Both hexadecimal 
encoding are shown beside each character. 


Exampile 1}: 
Dot Count Bit Count 
987654321 76543210 
Hexadecimal 
FFH 
eeeseee 80H 
° BFH 
@ BFH 
e BFH 
eee0e 87H 
@ BFH 
O BFH 
® BFH 
eeeoe08 80H 
FFH 
FFH 
Example 2: 


® e@6 @ 67H 
e 00 °@ A6H 


eee @ C5H 
eee E3H 
$¢ E7H 


@eeeeeesee 00H 
Oo © ® @ 60H 
es ec 6 97H 


ee «6 CDH 
ee E8H 
° F7H 
& F7H 

Notes: 

1, 

2. 

3. 

4, 

5. 


Pigure 2-8 


Column ft and column 9 must be the same. 

Column 1 and column 2 must be the same if the high bit is 0. 
Column 8 and column 3 must be the same if the high bit is 0. 
No capability exists for a half-dot shift. 
Each character must have sixteen bytes; otherwise, strange characters result. 


Encoding Examples 


Binary 


11799911 
10000600 
10111111 
10119711 
10177711 
10000111 
101141711 
10111111 
70111111 
10000000 
TAt11111 
14711111 


01100171 
10100110 
11000101 
11100011 
11100111 
00000000 
01101101 
10010010 
11001101 
11101011 
14110111 
14110111 


2723216-8 
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Copied When Bit 7 is Low 


+++ +++ +++ +++ 


$ | | | 
}$6543210 4] 


Row 
RO 
Ri 
R2 
R3 
R4 
R5 
RG 
R7 
R86 
RS 


Rid : 
Riil(Underline) PE LL tt 
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Figure 2-7 Sample Character Font Definition 


2.4.8.4 Generating a Character ROM. To generate a character ROM (or 
EPROM), assemble and link the source code, then program the device. 


The source file for a character ROM is organized into 16 bytes for each 
of the 256 characters (4096 bytes). HKhen assembled and linked, this 
file fits into a 4K ROM. Each character can contain.only 12 rows ot 
dots, and the last 4 bytes of each character must be set to FFH. 


Each character on the monitor fits within a 9-column by 12-row block. 
Each byte corresponds to the 9 columns within one row. For regular 
characters, the first row is blank (reserved for ascenders), the last 
two rows are blank (reserved for descenders), and the two outside 
columns are usually blank (for intercharacter spacing). Generally, 
then, a typical character fits within a 7-column by 9-row block. 


For each character block, column 1 is at the right side and column 9 is 
at the left. 


Each byte is encoded as follows: 


* Bit 0 (the low bit) is at the right side of the character 
block and bit 7 (the high bit) is at the left. 


* Setting a bit to G means to put a dot at that location. 
* Setting a bit to 1 means do not put a dot at that location. 
* Setting the high bit to 0 encodes column 1 the same as column 


2 and encodes column 9 the same as column 8. 


* Bit O encodes column 2; bit 1 encodes column 3; and so on. 
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Table 2-18 Alphanumeric Decoding PAL 


Input 
MRDC- AiS16- Ai8 A1l4 Alz2 
Output: AMKRRC- <Al9 A1l7 Ai3 All Comment 
se=e2--= 5 ie ee, Se, Se, Sette Se Se fee Sa ta ee ee ee 
ZBEN- L . : H Hi L : . . ‘ CRT space read 
or . L : K H L A : : < CRT space write 
sen sade ton eine Betenteed, Role, See Dee ee See Se 2k ee re reer cee cece 
XBEN- L . L #4 H L 4H H HH 4H CRIC/ATT read 
ona. L L Hi H L H H | H CRIC/ATT write 
see ene aoe ee ee ee ee ees 
RD- L . . H H L : . . . CRT space read 
or L L : : : : : : : : (Inactive term) 
ee ce ee ee me te ee oe eee 
AR- . L : H K L . : : ° CRT space write 
or L L : : - : : : : - (Inactive term) 
ew oe we we oe ae Site ete, he, deat ce cee ee eee eee oe ee 
GSEL-_. : H H H L : : : : Graphic access 
or L L ’ ; : : : : : : {Inactive term). 
sae ee = a a am Fe ew ee a ew ee ee a ee ee em ee ee ee ee ee eee ee we ee eee 
CSEL-. : L H H L H H L : Character access 
or L L . 7 : : : : : : (Inactive term) 
ve ee oe mm ae a a a a a a ee ee RK Ge KH KF Se EO Pe ewe wT EB ee eee ee 
CR/AT- . : L H Hi L H H Hi Hi CRICYATT access 
or iL L : : , : : : : : (Inactive term) 
—— = Se dee eke, Sete Sot SO Be ee al ee ie 
XSEL-. LS Lee Her Peel H H 8 6UL Extra I/O write 
or L : L H H L H H H L, Extra I/O read 


Legend: 
L = Low signal. 
H = High signal. 


2.4.8.3 Character Set and Attribute Logic. Two 74LS374s (U14, U1S) 
latch the RAM output (both character and attribute} at the end of each 
screen refresh access cycle. This allows a full character cycle time 
($00.8 ns) to access the character ROM and EPROM and set up the dot 
shift register. The required ROM access time is 452.8 ns. So that the 
character set can include the ability for block graphics, bit 7 out of 
the ROMs indicates that the leftmost and rightmost character dots are 
to be copied to the left and right character-cell border dots. The 
character ROMs should be programmed with active~-low data; that is, when 
a dot is to appear, the ROM should be programmed with a zero. 


Figure 2-7 shows some sample characters. The reverse video block and 
the cursor affect the entire 9 x 12 character cell; the underline 
appears on row 11. The descenders of lowercase letters should drop 
only one dot Line below the level of the other characters so that the 
underline, cursor, and reverse video will appear in an acceptable form. 


TECHNICAL REFERENCE 


Address 


COG0OGO-C7FFF 
C8000-CFFFF 
DOO000-D7FFF 
D8000-DDFFF 


DEGOO-DE7FF 
DESOO-DEFFF 


BDFOOO 
DFOOO 
DFOOO 
DFOOO 


DFO10 
DFO206 
DFO30 
DFSOO0 


DFS10 
DFSil 
DF612 
DFS13 


DF&20 
DF820 


PAL coding is given in Table 2-18. 
one row is ORed with the AND of terms from another row, 


bit 
bit 
bit 
bit 


Ww Ne © 


bit 7 
bit 6 


Table 2-17 CRT System Memory Map 


Device 


Graphics RAM Bank A 
Graphics RAM Bank B 
Graphics RAM Bank ¢ 
Unusable 


Active character memory 
Phantom character memory 


Misc input buffer, blue feedback, read only 
Misc input buffer, red feedback, read only 

Misc input buffer, green feedback, read only 
Misc input buffer, interrupt pending, read only 


Graphics blue palette iatch, write only 
Graphics green palette latch, write only 
Graphics red palette latch, write only 
Attribute latch 


CRTC address register, write only 

CRTC status register, read only 

CRTC registers write access, write only 
CRTC registers read access, read only ., 


Miscellaneous output latch, interrupt enable 


SYSTEM HARDWARE 


Miscellaneous output latch, ailphanumerics screen enable 


low when the result is true. 


When the Logical AND of terms 


from 


the output goes 
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The expansion bus interface consists of five card-edge connectors, 
making it easy to add memory-mapped or I1/0O-mapped options to the 
system. The expansion bus supports devices that require interrupts for 
efficient operation. The system does not provide the special-purpose 
hardware required by direct memory access (DMA) devices. 


The expansion bus pin-outs are given in Table 2-20. 


Table 2-20 Expansion Bus Pin-Outs 


Pin Signal Pin Signal 

AOl NMI~- BO1 Ground 

AO02 DATA 7 BO2 RESET 

AQ3 DATA 6 BO3 +S V power 

AO4 DATA 5 BO4 IRO (interrupt 0) 
AGS DATA 4 BOS No connection (bussed) 
AO6 DATA 3 BO6 No connection (bussed) 
AGQ?7 DATA 2 BO? -12 V power 

AO08 DATA 1 BOs Reserved 

AGS DATA G BOS +12 V power 

AiO WAIT- BLO Ground 

Ail Logic ground Bii AMWC- (memory write) 
Al2 ADDRESS 19 (MSB)* Bi2 MRDC- (memory read) 
Ai3 ADDRESS 18 B13 AIOWC- (1/0 write) 

A14 ADDRESS 17 B1L4 IORC- (I/0 read) 

A1S ADDRESS 16 Bis No connection (bussed) 
A16 ADDRESS 15 B1ié No connection (bussed) 
AL? ADDRESS 14 B17 No connection (bussed) 
Ai® ADDRESS 13 Bis No connection (bussed) 
A1S ADDRESS 12 Bis No connection (bussed) 
A20 ADDRESS it B20 PCLK (S-MHz clock) 
A21 ADDRESS 10 B21 IRG {interrupt 6) 
A22 ADDRESS 9 B22 IRS (interrupt 5S) 
A23 ADDRESS 8 B23 IR4 (interrupt 4) 
A24 ADDRESS 7 B24 IRL (interrupt 1) 
A2S ADDRESS 6 B2S IR2 (interrupt 2) 
A26 ADDRESS 5 B26 No connection (bussed) 
A27 ADDRESS 4 B27 RFSH (refreshing) 

A28 ADDRESS 3 B28 ALE (address latch) 
A29 ADDRESS 2 B29 +S V power 

A30 ADDRESS 1 B30 osc (15-MHz clock) 
A31 ADDRESS 0 (LSB)* B31 Ground 


* MSB = Most significant bit; LSB = Least significant bit. 
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2.5.1 Expansion Bus Signal Descriptions 


* NMI-. The nonmaskable interrupt signal can be driven by any 
of the expansion beards to interrupt the system processor. 
Typically, it is used to alert the processor to a parity error 
in memory devices residing in the I/0 channel. An open 
collector device pulls this line low when it is being driven 
by an expansion board. Otherwise, it is held high by a pullup 
resistor. 


* DATA 0-7. These lines form the S8-bit system data bus and ¢an 


be driven by the processor, memory devices, I/0, or the 
expansion interface. These bidirectional lines are active 
high. DO is the least-significant bit, (LSB) and D7 is the 
most-significant bit (HSB). 

* WAIT-. This signal indicates when a device is holding the 
system processor, thereby extending the length of a memory 
refresh or 1/0 cycle. Khen a slow device is addressed on the 


expansion bus, the signal asserts this line low, which extends 
the cycle-completion time. This line should never be held low 
longer than 10 processor clock cycles. When driven by an 
expansion board, an open collector device pulis this line low. 
Otherwise, a pullup resistor holds it high. 


4 

* ADDRESS 0-19. These lines form a 20-bit system address bus, 
which can address up to L megabyte of memory. They are 
normally driven by the system processor to address memory and 
I/O devices within the system. (Only XAO trough XAS are used 
for 1/0 addressing.) These lines are active high.XAGO is the 
ESB and XA19 is the MSB. 


* RESET. This line initializes or resets system logic at power- 
up or after a power failure. It is active high. A power- 
supply monitoring device generates RESET immediately when the 
12-V line drops below 11.1 V. It returns low 3 ms after 
regulation resumes. No operator intervention is required. 


* INTERRUPT 0-6. These lines signal the processor that an I/0 


device requires attention. When several devices require 
service at the same time, the device asserting the lowest- 
numbered line gets serviced first. These lines are active 


high. The interrupt request signal must be held high until 
the interrupt request has been acknowledged. 


* AMHC~ (or MWRITE-). The memory write signal is usually driven 
by the system ubdex(AMWC-) processor. It indicates that the 
information on the data bus should be written to the memory 
address given on the address bus. This signal is active low. 


* MRDC~ (or MREAD-). The memory read signal is driven by the 
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system processor. It indicates that the memory addressed by 
the address bus should be placed on the data bus. This signal 
is active low. 


& AIOWC- or (IOWRITE-). The I/O write signal is driven by the 
system processor. f[t indicates that the I/O device addressed 
by the address bus should accept the data on the data bus. 
This signal is active low. 


* FORC- or (IOREAD-). The I/O read line is driven by the system 
Processor. It indicates that the I/O device addressed by the 
address bus should place its data on the data bus. This 
Signal is active low. 


* PCLK (processor clock). This is the system clock. It is a 
one-third division of the OSC clock and has a period of 200 ns 
(S.0 MHz). The clock has a duty cycle of 37.6 Percent (+ 3.0 
percent). 


* RFSH (refreshing). This line indicates that a memory refresh 
cycle is taking place. It is positive true. When this signal 
is asserted, all expansion bus activity is ignored. Do not 
use this line for any purpose. 


* ALE (address latch). This line indicates that the Processor 
is placing a valid address on the address bus. The address is 
valid on the falling edge of this signal. 

* .OSC (clock). This signal describes a high-speed clock having 
&@ 66.7-ns period (15.0 MHz). It has a SO-percent duty cycle. 


2.5.2 Loading and Driving Requirements 


The expansion bus can drive five expansion boards. Each board can 
support the equivalent of two TTL input loads on any one line of the 
bus. Open collector outputs, which drive the bus, should be able to 
sink 16 milliamperes (mA) at 0.5 V. Data bus drivers should be able to 
sink 24 mA at 0.5 V and source 3 mA at 2.4 V and 15 mA at 2.0 V. 
Drivers for the interrupt lines IRO-IR6 should be able to source i ma 
at 3.5 V and sink 1 mA at 0.5 V. 


2.53.3 Memory Timing 
The memory bus cycles can be lengthened in integral multiples of the 


CLK cycle time (200 ns) using the WAIT- line. Figure 2-9 shows the 
timing relationships of the expansion bus memory interface. 
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Expansion Bus Memory Interface Timing Diagram 


Figure 2-9 
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2.5.4 I/0 Timing 
Figure 2-10 shows the expansion bus timing relationships for standard 


I/O cycles. This timing includes the single wait state that the 
motherboard always inserts in I/O cycles. 
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| (ele 
i 


DATA (READ) 
REQUIRED See ere XAVALION ID 
[t— K —te 


LEGEND: 

A ADDRESS SETUP TO PCLK LOW 62 MIN 
B - ADDRESS SETUP TO AlWOC —OR IORC 72 MIN 
C = ADDRESS HOLD AFTER AIOWC—OR IORC 176 MIN 
0D = COMMAND DELAY FROM PCLK 35 MAX 10MIN 
E ACTIVE lIORC - OR AIORC — TIME 975 MIN 
F DATA VALID FROM AIOWC — LOW 120 MAX 
G DATA HOLD AFTER AIOWC — HIGH 108 MIN 
H REQUIRED ACCESS TIME FOR IORC 515 MAX 
| = REQUIRED DATA SETUP TO RISING EDGE OF IORC — 85 MIN 
J REQUIRED DATA HOLD AFTER RISING EDGE OR IORC — -4 MIN 
K REQUIRED DATA SETUP TO PCLK LOW 50 MAX 
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Figure 2-10 Expansion Bus I/O Interface Timing Diagram 
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Section 3 


HARDWARE OPTIONS 


3.i INTRODUCTION 


This section describes the hardware options available for the Texas 
Instruments Professional Computer. Subsections describe the 
following options: 


* Expansion Memory 

* Synchronous-Asynchronous Communications Board 
* Internal Modems 

* Graphics Video Controller Board 

* Winchester Disk Drive 


The optional diskette drive is identical to the factory-installed 
diskette drive. Therefore, it is not described in this section. For 
information, refer to subparagraph 2.4.6.6. 


3.2 EXPANSION MEMORY, 512/768 K SYTES 


Section 2 describes the expansion memory boards that connect to the 
motherboard, increasing the memory to 2S6K bytes (K = 1024). Two 
additional expansion memory boards (each 256K bytes) are available 
for the Texas Instruments Professional Computer. One board plugs 
into the expansion bus, increasing the memory to 512K bytes. The 
second board mounts on the first (piggyback style so that they use 
only one of the expansion bus slots), increasing the memory capacity 
to 768K bytes. This additional memory operates at the same speed as 
the motherboard memory, 80 that there is no increase in execution 
time when the memory is increased. 


NOTE 
The 512/768 K byte expansi'on boards are added 


after the motherboard 192K-byte board is 
installed. 
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The first expansion memory card is the controller card. This card 
contabns thirty-six 64K-biéedynamic RAM ICs. THe card also holds: 


a 


ri 


* Decoding logic to establish the addresses 
xk Parity check logic for error detection > 


* Timing and refresh logic to operate the expansion memory 
system. 


Connectors and logic for the addition of the second expansion card 
are also part of the controller card. 


The second card also contains thirty-six 64K-bit dynamic RAM ICs. 
Becauge the controller card contains all the logic for both cards, 
this second card is smaller. 


3.2.1 Addressing the Expansion Memory 


The expansion memory operates at a fixed address in the computer's 
memory space. Addresses O40000H through O7FFFH are for the first 
256K bytes; addresses O80000H through OSBFFFFH are for the second 
256K bytes. tf the second card is not instailed, its assigned memory 
space can be used by other hardware products. 


9.2.2 Expansion Memory Control Logic 


The expansion bus contains a bidirectional buffer to separate the 
data bus from the expansion memory, thereby providing sufficient 
drive and margins to the data transfers. The hard array logic (HAL) 
chip HALIG6R4 (U2) handles address decoding, buffer control, as well 
as timing and refresh. The refresh timer (U4) is a one-shot, and the 
delay line (U3) provides the multiplexer timing. 


3.2.2.1 Expansion Memory Refresh Logic. The dynamic RAM refresh 
logic operates synchronously with the accesses to the RAM memory. 
Refresh cycles begin only when a RAM cycle is not in progress. This 


means that the RAM refresh can occur at the same time as accesses to 
other system memory (ROMs or the main system memory) or I/O space. 
Each time a refresh cycle begins, a refresh timer (U4) starts. When 
it times out, it provides the signal beginning another refresh cycle. 
This timer is set to 15 us maximum, which allows for the worst-case 
refresh request latency. To maintain the contents of the RAM under 
worst-case conditions, the refresh must occur at ieast 128 times 
within 2 ms. (The average refresh timing is once per 15.625 us.) 
The worst-case latency for a refresh request is about 600 ns. 


Once a refresh cycle has begun, it must be completed (including the 


precharge) before the next cycle begins. If a RAM access cycle 
starts before the refresh cycle completes, the HAL state machine puts 
the CPU into a wait state until the refresh operation completes. In 
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the worst case, this delay could extend the usual memory access time 
by three wait states or 600 ns. 


| rg 
Assuming a refresh timer value of 14 us, and an ‘average 400-ns 
slowdown of the CPU, the average refresh overhead is about 2.9 


percent. The worst case is about 4.3 percent. 

H 
3.2.2.2 CAS and Address MUX Switch Generation. A delay line from 
the Column Address Strobe X (CASX-) produces the address multiplexer 
control (MSEL). The delay line is set at 40 ns. Ui buffers the 
CASI- line, and the RAM buffers are taken from the delay line 60 ns 
after CASX-. This ensures the maintenance of an adequate row address 
hold, and enough column address setup time. The RAM still operates 
quickly enough to finish an access within the system cycle time. 


The CASX- timing depends on whether the cycle is a read or a write. 
If the cycle is a read, the CASX- signal from the logic array is 
equivalent to the RASI- signal. This provides the maximum available 
time for the RAM chip to access it's data and present it to the 
expansion bus. The delay line guarantees the timing of MSEL and 
CASI- to the dynamic RAMs. 


if the cycle is a write, then the CASX- signal follows the rising 
edge of the first system clock during the write cycie. This is about 
130 ns after the occurrence of RASI-~-. This delay allows time for the 
data from the processor to propagate through the data buffers and U6, 
the parity generator chip (74LS280). 

3.2.2.3 Expansion Memory Parity Generation and Checking. The parity 
generator/checker chip (74LS2860) generates a i to the parity RAM bit 
whenever there is an even number of "i"s in the data byte being 
written. A separate data bus on the parity RAM chip uses a tristate 
driver to provide a high on the output whenever it is not driving the 
output line (as in the write cycie). The Parity is then taken from 
the “odd sum” output of the parity generator and used to write to the 
dynamic RAMs. The WCAS- line from the logic array holds the parity 
error flip-flop (US) clear. The timing on this line stays low until 
after the CASI- line clocks the flip-flop. This prevents the 
generation of a parity error during write. 


When the RAM is read, all of the data bits and the Parity bit are 
presented to the generator/checker, and the parity output is sampled 
at the end of the read cycle. fa parity error is discovered, flip- 
Flop US is set to interrupt the CPU on the NMI- line. This NNI- Line 
clears on the next read with correct Parity, or on the first write to 
this board. 


Using the “odd sum" method of parity checking does not cause a parity 
error, even when the system attempts to read from nonexistent RAM. 
(To determine the size of system memory, system software sometimes 
“feels” for memory not present. 
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3.2.2.4 Expansion Memory Control State Machine. A hard array logic 
device (HALIG6R4), set up as a state machine (U2), drives the memory 
control. This device has four outputs equipped with clocked flip- 
flops and four outputs that are direct combinations of the inputs. 


Table 3-1 gives the logic for the memory control state machine. The 
logical AND of the terms ona line ORed with the AND of terms on 
other lines results in Jlow-going outputs. This occurs either 


directly, on those outputs without registers, or after the clock on 
those outputs having registers. : 
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Table 3-1 Expansion Memory Control State Machine Logic ~ HALI6R4 
Input 
MRD- XA18 RASI- RFSH- 
MHR- LGND- XWAIT~ RRAS- 
RFRQ XXXX CASX- WCAS- 
Output XA19 B2IN- BURE- ZZZZ- Comment 
wwe ee = ie i an ies elie sila nee ee Mel ele Mel il el Rael et Re ee 
RASI- L LeaHOL ys. yo Pe Fibtibor Memory read low bank 
Ore Le ne Le Lee 2). -) - Ha : Memory read high bank 
or Lew LCeHEL SS oe a: -pHeH i... - Memory write low bank 
or Coe ReLSaL L > <j) Wer ds) ti £ Memory write high bank 
or , 7 iv ae ake Refresh 
see eee A a i ee ee, eee el ict iets ee A a, oR Re 
XWAIT- 5 F A y ay DE j Refresh+memcycle 1, 2 
or . a: 2 A yg Whe Le Refresh+memcycle 2, 3 
eee ee ln ieee inate ili ira Aiea ee alin el Mel ie At ia ea Ee ee ee 
CASX- tPA & A'E 1 - "oH Write, either bank 
or L LOH. ae. : - H#H : Read low bank 
One LS. a. aH LoL L ; : oe Read high bank 
eee we ee ie nea ai ee ln een Ee el ie Ae Rl Rl Re I oN ee 
BUFE- L LH L . > dg & Write low bank 
or i HPLC Ll Pie Oo ¥ Write high bank 
Ors Le -) LaHalL : : : : Read low bank 
or;,L: HeLeLe. aL : : a. Read high bank 
ee eee i eae ea nla en ele ee eel sel ee eel Mal ile eR Re ee ee 
The following four outputs have flip-flops: 
eee = al ili iets la ele aie eels Neal eel ln Acne Red oD i ee 
RFSH- HHH. ? “lh H Refresh 1; no memecycle 
or HLL . gS wa 2 Hess: Refresh 1; motherboard cycle 
Orme. H H H x, & (+ ee HPS. Refresh 1; graphic cycle 
or p-RHEHGL PH 3 Ae Hi .- Refresh 1; high bank not in 
or A H , : Ano). Refresh 1; illegal cycle 
or. ae: : aE: LaHe nr. Refresh RF2,3 
or L L 5 & = : Hier. Reset 
weet eee ale een i nee cen ee ene Reale Mae onl Mel eel De Rt Ae ee ee ee 
RRAS - 4 2 8 Blo A BS & “ ild L : Refresh RF2,3,4 
OreLila. a. a.m. 1 ge a. : Reset 
sew = ai sea een ela eel els le let el eels Me Mel aE A Re oR 
WCAS- L LHL. . . - HH Write low bank 
or . JL H@LEUCY. gL 1 ee el el! Fl Write high bank 
OorgLeaL A oor ‘ra oc Tox > Reset 
ee etree ae nia aa ile ila ie ee cele Reel eel eel ile i a A Re ee 
Lado te i ee Lo a Sa co x Reset 
22 en e it aia ee i el la le eel ee eel i ied Dl A i ee 
Legend | . 
L = Low signal. 
H = High signal. 
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Notes for Table 3-1 haat. 


1. The signal RASI- activates RAS- from the RAM address 
multiplexer of the 2964. 

2. The signal XWAIT- puts the processor into a wait state, 

3. The signal BUFE- activates the expansion memory system data 
buffer. 

4. The signal CASX- controls the CAS and MSEL generation. 

S. The signal RFSH- instructs the 2964 address multiplexer to 
put out the refresh address. 

6. The signal RRAS-~ combines with RFSH- to indicate that a 
refresh RAS is in progress. 

7. The signal WCAS- delays CASX- during a write cycle. 

8. The signal ZZZZ- is not used. 


A timing diagram of the memory system, shown in Figure 3-1, indicates 
the major operations of the memory system. 
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TECHNICAL REFERENCE HARDWARE OPTIONS 


3.3 SYNCHRONOUS -ASYNCHRONOUS COMMUNICATIONS SOARD 


This subsection describes the theory of operation and the functfons . 
of the synchronous-asynchronous communications (sync-asynce comm) 
board. Figure 3-2 is a block diagram of the sync-asynce comm board. 
Refer to Section 6, drawing 2223096, for logic diagrams. 
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Figure 3-2 Synec-Asyne Comm Board Block Diagram 


The sync-asyne comm board is based upon the Zilog Z6S30 Serial 
Communications Controller (SCC). This device automatically handles 
asynchronous protocols. rt also services most synchronous protocols, 
including data link control (SDLC) and high-level data link control 
(HDLC), (both bit-oriented.) Cyclic redundancy check (CRC) is an 
automatic function and can be included in any transmission. 


NOTE 


A sample program, showing general programming 
procedures and recommended use of the sync-asynce 


Eo 
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comm hoard, is included in Appendix E of this 
manual. For more detailed information, refer to 


the Zilog 8530 Technical Manual. 


The functions of the synce-asyne comm board are: 


* System interface 
* Baud rate generation 


x* Port addresses 


3.3.1 System Interface 


Most of the components on the board are involved in handling the 
interface between the system bus and the Z8530. Of special note is 
the logic that generates the interrupt acknowledge (INTACK) signal 
that the 28530 requires in response to an interrupt request. The 
INTACK~ signal is software-generated. It is not part of the system 
interrupt acknowledge signal because of the setup time required aad 
because the system expansion bus does not provide for expanding the 
number of interrupt levels. 


To generate the INTACK- signal, the software does a AIOKC- (write) to 
the f/O address for interrupt acknowledge and then does ai IORC- 
(read) from the same address. The data received on this read is the 
interrupt vector from the Z8S30. . 


The AIOWC- signal clears U5S8, activating the INTACK- Signal to the 
Z8530. When the IORC- occurs, the vector from the 28530 is gated 
onto the data bus. The rising edge of IORC- clocks USB to the 
inactive state which releases the INTACK-. 


Other logic on the system side of the board delays the read and write 
commands to the SCC so that the address and data setup times and the 
hold-time requirements of the part can be met. IORQ is connected to 
the input of a flip-flop 74LS74 (USA). The clock input is connected 
to the system CLK line. The rising edge of the ciock occurs 133 ns 
after the IORC- or AIOWC- signal occurs. The output of USA, gated 
with IORC- and AIOWC-, delays the start of the SCCRD- and SCCWR- 
signals. The clear input to USA is connected to BDCS, allowing the 
SCCRD- and SCCWR- signals to occur only when the board is selected. 


Resetting the 28530 requires that the SCCRD- and the SCCWR- lines be 
held active simultaneously. This resuits from the logical OR of Ué6C 
and U6BD with the RESET signal from the bus and the SCCRD- and SCCWR- 
lines. 


U4C inverts and buffers the interrupt output from the scc. This 
Signal then goes to a set of stake pins and is used to determine’ the 
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interrupt level at which the board is operated. 


3.3.2 Baud Rate Generation 
The 4.9152-MHz crystal osciilator on the board, divided by 2, 
provides a clock for the SCCs (internal baud rate generators). To 


generate a specific baud rate, program the values given in Table 3-2. 


Table 3-2 Sync-Asyne Comm Board Baud Rate 


Baud syne Percentage Asyne Percentage 

Rate Value of Error Value of Error 
i9 200 62 0.000 2 0.000 
9 600 126 0.060 6 0.000 
7 2060 169 -0.196 9 -3.030 
4 800 254 0.000 14 0.000 
3 600 333 0.098 i9 1.587 
2 460 $10 0.000 36 o,000 
z 000 612 0.065 36 1.053 
I goo 68l -0.049 41 -0.775 
1 200 L622 6.000 62 0.000 
600 2046 0.000 26 0.0006 
300 4094 0.6000 $4 0.000 
200 6142 0,000 82 0.006 
150 8130 0,000 10 0.000 
134.5 9134 0.001 69 0.001 
110 11169 ~0.001° 96 0.026 
75 16382 06.000 1022 0.0009 
396 24574 0.000 1534 0.000 
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3.3.3 Addressing 


A 7ALS139 decoder (U3) and several gates (to qualify the address) 
comprise the address selection logic. The board design presents a 
choice of four address locations, permitting the addition of several 
communications boards to the system. 


As with other 1/0 devices for this bus, only 10 of the address. lines 
are decoded. U3 provides two decoded outputs: INTCS-, which 
activates the INTACK logic; and SCCCS-, which activates the 2Z8530. 
The iogical OR of INTCS~ and SCCCS- creates the board select signal 
(BDCS). The logical AND of IORC- and AIOWC~ creates IORQ. BDCS and 
IORQ combined enable the bus buffer U7. 


3.3.4 Programming 


The sync-asyne comm board port number is programmed by placing 
jumpers on the board. Five I/O addresses and a distinct interrupt 
level control each port. 


Table 3-3 gives the board addresses for the four possible ports. P60 
is the board connector. 
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Table 3- 


sumper 
Locations 


E1-E2 
E7~ES8 


E4-ES 
E1O-E1l1 


E2-£3 
E8-E9 


ES-E6 
EL11-E1l2 


3 


P60 
Pin 


B ( 


50 


46 


46 
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Sync-Asyne Comm Board Port Addresses 


No. 


INTO) 


(INTL) 


(INT2) 


(INT4) 


Address 


OOEO 
OOE4 
OOES 
COES6 
0O0E7 


QOOES 
OOEC 
OOED 
OOEE 
OOEF 


OOFO 
OOF4 
cOoFrs 
OOFSs 
OOF7 


OOFS 
corFC 
OOFD 
CcOFE 
OOFF 


Port 1 Interrupt 


Function 


Interrupt acknowledge 
CHB command 

CHB data 

CHA command 

CHA data 


Port 2 Interrupt 


Interrupt acknowledge 
CHB command 

CHB data 

CHA command 

CHA data 


Port 3 Interrupt 


Interrupt acknowledge 
CHB command 

CHB data 

CHA command 

CHA data 


Port 4 Interrupt 


Interrupt acknowledge 
CHB command 

CHB data 

CHA command 

CHA data 
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Two channels (A and 8B) from each port control the Z6530 operations. 
Channel A, the main communications channel through which data transfer 
takes place, also monitors or controls some of the RS-232-C signals. 
Channel B does nothing but control or monitor signals. Tt is not used 
for data transfer. - 
Each channel can be accessed by two addresses: “command” and “data.” 
The command address for either channel is used to access any of the 15 
read or write registers that control the Z8530 operations. The data 
address for channel A is used to read received data and to write 
transmitted data. The data address for channel B is not used. 


Because the Z8S30 does not contain pin-outs for the DSR, SCF, and RI 
signals, unused pins from channel B are used for these signals. Table 
3-4 lists the specific pin-out for these signals. Table 3-S lists the 
Channel B pin-out for the 28530 interrupt enables. 


Table 3-4 Channel B Pin-Out for 28530 


28530 Signal Channel B Pin~-Out 
DSR DcD 
SCA OTR 
SCF SYNC /HUNT 
RI cTs 


Table 3-S Channel B Pin-Out for 28530 Interrupt Enable 


Z8539 Interrupt Channel B Pin-Out 
DSR DCD 
SCA none 
SCF SYNC/HUNT 
RI cts 


Fach port has an I/O address used to acknowledge the Z8530 interrupts. 
An 1/0 write followed by an I/O read done at this address acknowledges 
the interrupt. The data written during the I/O write is irrelevant. 
After the I/O read, the Z8530 returns the code for the interrupt that 
occurred. These codes are explained in the Zilog 8530 Technical 
Manual. ; 
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The external *eonnector $369) is an RS~-232-C type. Table, 38-6 idenWMifies 


the MM grails at this connector. 


| Pin | Signal Name {} Signal | 
eee eee = ee wm ww ww ww = ww wn aw we eae eee eee ee ewer ene ee oe 
| 1 { Chassis ground | AA | 
| 2 | Transmitted data { BA | 
| 3 | Received data | BS i 
| 4 | Request to send i RTS/CA | 
} $ { Clear to send | CTS/CB | 
; 6 | Data set ready | DSsR/Ccc | 
i m7, | Signal ground | AB | 
| 8 |} Data carrier detect | DCD/CF | 
} 9 | No connection | -- | 
| 10 | No connection | -- { 
f iil | Secondary request to send |] SCA/CH f 
lel 2 {f Secondary clear to send { ScFr/c!I | 
} 13 | No connection | -- | 
| 14 |} No connection | —= | 
| 15 | Transmitter clock in {| TXC/DB { 
| £6 | No connection { -- | 
[mi 7 {| Receiver clock in | RSC/DD | 
} 49 | No connection | --4 | 
{| 19 J) No connection i -- | 
{} 20 | Data terminal ready | DTR/CDB i 
jf 22 | No connection { “ -- ! 
| 22 {| Ring indicator | RI/CE | 
{ 23 | Same as pin il { SCA/CH | 
| 24 | External transmitter clock { DA | 
25 | No connection | -~ | 
Pee eee bee ewww ewww ew ee ee em eee ewe eww eee eee $e eee eee eee + 


Table 3-6 


Ce ee ee ee ee ee 


RS-232-C Connector Signals 


3.4 INTERNAL MODEMS 


Instruments offers two internal modems for the Professional 
Computer. One is a Bell 103-compatible type, which operates at 300 
baud, The other is Bell 212-compatible and operates at 1200 baud. 
Both are full-duplex modems, and the Bell 212-compatible can operate 
in full-duplex, synchronous, 12060 baud. These are “smart” modems, 
and can handle a variety of commands for establishing communications. 
Both modems have automatic dialing capability using either pulse or 
tone dialing. The modem also provides status indications for 
monitoring the progress of the dialing procedure. 


Texas 


The following subsections describe the architecture and interface of 
the modems to the system for those users who want to write their own 
communication program, and who want to use an internal modem. 
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3.4.1 Architecture . r a 

The interface hardware for the modem beard is identical to that 
created for the syne-asynce comm board. Therefore, it is easy to 
adapt software written for the sync-asyne comm board so that it can 
operate with either of the modems. Adding code to handie the modem 
Gialing procedure is the major change required. The same port 


addresses and interrupt levels used by the synce-asynce comm board are 
used by the modem boards. 


Figure 3-3 shows a block diagram of modem hardware.‘ The serial 
controller (Zilog 8530) sends the modem commands during the modem 
initialization and dialing procedure. Then the 28530 transfers data 


between the modem and the remote system. 


MICROPROCESSOR 





RJ 
11 
(1) 

(2) 
“6530 ms 


RJ 
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Figure 3-3 Modem Hardware Interface 


3.4.2 Zilog 8530--Modem Signals 


Two special control signals, /RNCTL (request control mode) and /ACNTL 
(acknowledge control mode), teil the modem how to handle information 
passed by the 28530. /RNCTL information is processed as commands, 
while /ACNTL information is interpreted as data to be transmitted. 


The signais that appear at the Zilog 8530--modem interface are shown 
in Figure 3-4. 
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Zilog 8530 Modem 


16 (/TD) BA 
13. (/RD) BB 


18 (/CTS) /CB 


16 (/DTR) /CD 
21 (/DSR) (CC 


29 (/SDCD) /Cl 


19 (/DCD) /CF 
(/Rl) /CE 
(/RTSB) ———— /RCNTL 
(/SYNCA}) «—— _ /ACNTL 


{RTXCA) <«—— /RX CLOCK 
(/TRXCA) ~——— /TX CLOCK 
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Figure 3-4 Zilog 8530--Modem Interface Signals 


The following paragraphs give brief descriptions of these signals. 


NOTE 


In the following descriptions, "ON" refers to an 
active-~low TTL voltage level. 


(/TD) -> BA The 2Z8S30 sends data to the modem on this line. The 
condition of /RCKTL determines the type of data (either transmitted 
data or command data). 


BB -> (/RD) The modem sends data to the 28530 on this Line. The 
condition of /RCNTL determines the type of data {either transmitted 
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data or command data). 

* @ 

-> /¢CTSsS When this. signal is on, the modem is ready to receive 
transmitted data from the Z8S30. Even when this signal is off, the 
283530 can still send command data if /ACNTL is on and /cD (DTR) is 
off. No transmitted data is sent while this signal is off. 


(/DTR) -> /CD When this signal is on, the terminal is ready to start 
the communication. This signal is turned on while the unit is in the 
command mode, but before giving the start-dial command. (If the 
start-dial command is given before /DTR is on, the modem returns a 
“command failed” status.) 


{CC -> (/DSR) The modem completes dialing, then turns this signal on 
while waiting for the answer tone and the carrier. The modem 
indicates three things by turning this signal on: that it is 
electrically connected to the communication line; that it is off- 
hook; and that it is ready to start communication activity. 


{CX -> (/SDCD) After answering a call, the modem generates this 
signal to indicate how fast data is being transmitted tothe 


terminal. Turning the line on indicates that data is being 
transmitted at high speed. Turning the line off indicates that data 
is being transmitted at low speed. During the originate modes, this 


signal represents the selected rate of data transfer. 


{CF -> (/BDCD) When this signal is on, the modem is receiving the 
data signal from the communications line and communications can 
begin. 


« 


{CE -> (/RI) The modem generates the voltage levels on this line to 


indicate the ringing activity. When the signal is on, the line is 
ringing. Between rings, or when there is no ringing, the Signal is 
off. The software detects the ringing activity through the Zs8S530, 


and asserts BTR if the call is to be answered. 


(/RTSB) -> /RCNTL The software uses this signal to change the mode 
of data transfer, When this Signal is on, it indicates that the 
terminal wants to enter into the command mode. In command mode, the 
modem does not transmit the data received on the line BA. Instead, 
it uses the data for command and status information exchange between 
the terminal and the modem. Buring initialization and dialing 
procedures, the modem uses the command mode to send modem dialing 
commands and to receive status information. 


once the data transfer mode is initiated, the command mode cannot be 
invoked again uniess the line is disconnected. 


ACNTL -> (SYNCA The modem generates this signal in response to the 
/RCNTL signal from software. The software does not send any command 
data on line BA until this signal is turned on. When the /RCNTL 
signal goes away and the modem enters the data transfer mode, this 
Signal is turned off. The /ACNTL signal is usually pulled high on 
the RS-232 interface board. When both /RCNTL and /ACNTL are on, the 
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terminal can exchange commands and information with the moden. 


The /ACKTL signal combined with the /RCNTL signal can differentiate 
between the modem board and a sync-asynec comm board. To check for an 
installe@ modem, the software first activates the RCNTL, then waits 
for the modem to return the /ACNTL signal. If no acknowledge signal 
returns, then a sync-async comm board is installed, rather than a 
modem board. 


RX CLOCK -> RTXCA This is the receive data clock line for 
asynchronous communication. 


{TX CLOCK -> (/TRXCA) This is the transmit data clock Line for 


asynchronous communication. 


3.4.3 Modem Initialization 
At power-up, the RESET signal on the system bus initializes the 
modem, using the operating defaults. The user can reset the modem to 


these same defaults at any time with the software reset command. 


The default parameters are listed in Table 3-7. 


Table 3-7 Modem Default Parameters 


« 


Parameter Default Setting 
Dialing Pulse dial 

Line termination On hook 

Modem transmitter Squelched 

Modem mode Originate 
Data/command mode Data mode 
Communication Asynchronous 


3.4.4 Command Mode Operation 


The modem has two modes of operation, data transfer mode and command 


(also called control) mode. The terminal system software 
communicates with the processor on the modem board, either for the 
data transfer or the command mode. All data and command transfer 


passes through the USART. 


At power-up, the default setting is for the data transfer mode. For 
various reasons, such as a software request for diagnostic status 
information, it is necessary to place the unit in command mode. The 


terminal and the modem are in master-slave configuration, and the 
modem cannot initiate the command mode. 
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To prepare for command mode operation, the Z8530 must be set up for 
300-baud operation, no parity, 8 bits per character, one stop bit, 
and one start bit. The Zilog 8530 Technical Manual contains details 
on setting the 28530. Also, refer to subsection 3.3 of this manual. 
Appendix F contains “RCNTL”, a sample subroutine that checks for an 
installed modem. 


Once the appropriate signals are set, the modem and the terminal can 
enter into a command status transfer dialogue. The software asserts 
line /RCNTL, requesting the modem to enter the command mode. The 
modem responds by asserting the line /ACNTL. The software then waits 
until /ACNTL is turned on by the modem before sending any commands. 


To find the status of the moden, the computer transmits the code 
"send diagnostic status" (44H). The modem returns a 2-byte response, 
the first byte indicating that the "status byte follows" and the 
second byte giving the status. 


The commands and status codes are listed later in this section. 
Appendix F contains "DIAGST", a sample routine for starting a 


dialogue in the command mode. 


After the modem completes a command from the computer, it sends a 


“command complete" (A=41H) code or a "command failed" (Z=SAH) code. 
After sending a command, the computer waits before sending another 
command, expecting either 2. direct response or a command 


complete/failed status. 
The terminal software can insert a fail-safe time-out between issuing 
a command to the modem and receiving the command status to Protect 
against possible modem malfunction. 


After the software completes the command/status dialogue, it releases 
the /RCNTL line. The modem responds by releasing the /ACNTL line. 
The system is now in the data transfer mode. 


The command mode cannot be reentered unless. the communication is 
halted and the phone line is disconnected. The software turns off 
the DTR signal when the line is to be disconnected. The modem 
disconnects the line any time DTR is turned off, once the connection 
has been established. 


3.4.5 Dialing Procedure 


To begin a cail, the terminal transmits the telephone number to be 


dialed (including any separator symbols such as ( ), -, *, or @) and 
instructions on the method of dialing (such as T or P)}. For example, 
in the telephone number 1(713)-895-0001X, T requests tone Gialing, 
and xX is the telephone number terminator. The number can be a 
maximum of 23 digits long. The modem responds with the “command 
complete" status, then dials the number. Appendix F contains 


"Dialer", a sample routine for dialing a telephone number. 
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The ( ) and - separators are used for number-grouping purposes only. 
They have no meaning to the modem. The modem reads the + separator 
as tandem dialing. Each time the modem finds a +, it waits for 
another dial tone before continuing. The @ symbol represents blind 
dialing. When the modem finds the @ separator, it waits 2.0 + 0.1 5s 
after the command is received, then dials the number without waiting 
for a dial tone. 


The dialing methods include tone dialing, pulse dialing, and 
automatic selection. The modem is able to alternate dialing methods 
during the dialing procedure. Simply insert the proper characters (T 
for tone dialing, P for pulse dialing) in the telephone number. For 
example, in the number 


T8-50-33333344-P(713)-895-0001, 


the modem dials all the digits to P using the tone mode; all digits 
after P are dialed using the pulse mode. The modem echoes the number 
back to the terminal (without separators) as it dials each digit, 
then sends status to the terminal for full call-progress monitoring. 
The status can be ringing, busy, no answer, or voice. The terminal 
screen displays the appropriate message. 


When the connection attempt is successful, the modem does not return 
a status indicator. Instead, the computer monitors the signal /DCD. 
The modem asserts /DCD, indicating a successful connection. 


The dialing procedure is aborted any time the DTR signal is dropped. 
The modem sees this as a command to stop dialing, and goes on hook. 


The modem waits through 10 rings before reporting a no-answer 
condition. The default time to wait between retries is 11s, the 
default number of retries is 0. Ten rings as a no-answer condition 
is a fixed number; however, the time to wait between retries and the 
number of retries can be programmed into the terminal software. 


3.4.6 Time-Outs 


Both the terminal and the modem can cause time-outs. The terminal 
time-outs are: loss of carrier, long space received, and no 
response. The two types of modem time-outs are: loss of carrier and 


abort timer. 


Table 3-8 summarizes the time-outs. 
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Table 3-6 Types and Durations of Disconnects 


Terminal Modem 
Type Duration Type Buration 
Loss of carrier 200 ms Abort timer 17 3s 
Long space received 1.5 s Loss of carrier 50 ms 
No response time-out ios 


The following paragraphs give brief descriptions of all time-out 
conditions. 


3.4.6.1 Terminal or Software Time-Outs. 


* Loss of Carrier. If the terminal is programmed for fail- 
safe disconnects when the carrier goes off, it waits 50 ms 
before disconnecting. 


* Long Space Received. At start-up, the terminal sends a 


command to the modem, then waits for the modem to turn on 
the /ACNTL signal. If the modem fails to OTA the signal 
within 1.5 s, the terminal disconnects. 

* No Response. The terminal sends a command to the modem, 
then waits for the modem response. after i s, the terminal 
disconnects. 





3.4.6.2 Modem Time-oOuts. 


* Loss of Carrier. During a temporary loss of carrier, this 
timer holds the DCD line true. However, if the carrier 


stays off for SO ms ( the length of the timer), the modem 
turns off the DCD signal to the Z8530, causing the software 
to recognize the loss of the carrier. 


* Abort Timer - Originate Mode. During the automatic dialing 


Procedure, the modem goes off hook to listen for the dial 


tone. The modem waits 17 s, then sends the "command failed” 
status and goes on hook. The terminal responds by dropping 
DTR. 


The abort timer resets after the dialing procedure is 
complete. If the modem being used is a Beli Z12A-compatible 
type, the abort timer is set for Bell 212 high-band carrier. 


x Abort Timer - Answer Mode. During a manual dialing 


procedure, the answer-tone abort timer is used instead of 
the dial-tone abort timer. The originating modem looks for 
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Pl 


an answer from the remote modem. The answer depends upon 
the type of modem installed in the remote system. If the 
remote is Bell 103-compatible, the modem looks for the 
carrier. If the remote is Bell 212~-compatible, the modem 
looks for the scrambled mark or the unscrambled mark. The 
modem waits i7 s for the answer tone, then drops DSR. 


3.4.7 Modem Software 


The modem software is very simple. Some commands are only i byte 
long, such as the “Manual Disconnect” command. Field commands, such 
as "Telephone Number” (an op code followed by a field), are longer. 


The terminal sends a command to the modem. The modem returns a 
direct response or a status byte (command complete or command 
failed). The terminal does not send additional commands until this 


handshake is completed. 


Table 3-9 lists the software commands from the terminal to the modem, 
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Table,3-3 Commands from tthe Software to the Modem 


ASCII Code Command 
A Dial following telephone number, select dialing mode 
B Next byte contains number of retries (ASCII, 0-9) 
Cc Next 2 bytes contain time (in s) between 


retries (ASCII, oO-99 s) 
Request diagnostic status 
Disconnect on loss of carrier 
Do not disconnect on loss of carrier 
Manual answer 
Select 1200- bps option 
Select 300- bps option 
What modem type? 
Manual originate 
Dial following telephone number using pulse dialing 
Start ADLB test« 
Synchronous communication mode 
Dial following telephone number using tone dialing 
Asynchronous communication mode 
Software reset 
Telephone number terminator 
Start ALB testx* ; 
Tandem dialing (wait for another dial tone) 
Blind dial (wait 2.0 s, then dial) fe 


@renvnnxM BGOHU’wDAVO Trt aA AMO 


* The RDLB (Remote Digital Loopback) test is for a Beli 212- 


compatibie modem. It checks the condition of the communication 
lines. The originating modem makes the answering modem echo all 
received data back to the originating moden. 


kx The ALB (Analog Loopback) test causes the modem‘’s internal logic 
to connect the transmitter to the receiver and loopback the data. 


Table 3-10 lists the possible responses from the modem. 


TECHNICAL REFERENCE HARDWARE OPTIONS 


Table 3-10 Response from the Modem to the Software 


ASCII Code Command 


Command completed 

Busy tone 

Diagnostic status follows 
Phone number terminator 
Phone number follows 

Bell 212A option instailed 
Bell 103 option instalied 
No answer 

Lost call 

Ringing from ringback 
Voice reception 

Command failed 


N<ewoen (LIMO wD Y 


One possible modem response is 0D, diagnostic status foliows. 
Immediately after the modem sends this reply, it sends one of the 
diagnostic indicators from Table 3-11. 


Table 3-11 Diagnostic Status Indicators 


6 

Byte Value Meaning 

co Good check 

O1 ROM error 

02 RAM error 

04 Processor error 

08 Timer error 

io Not used 

20 Not used 

40 Not used 

80 Not used 


3.5 GRAPHICS VIDEO CONTROLLER BOARD 


The graphics video controller board operates with the CRT controller 
board. It is mounted (piggyback fashion) on the CRY controller 
board, and all its connections are to the CRT controller board. 
Figure 3-S is a biock diagram of the graphics video controller board. 
(Refer to Section 6 for logic diagrams. ) 


TECHNICAL REFERENCE HARDWARE OPTIONS 


cPU 2's ii 


AEFAESH ADDRISS BUS 








RED PIXEL To 


CAT 
CONTROLLEA 


6OARD 


PAOCES SOR ADDRESS BUS 


RAM 40DRESS BUS ae | 


PIXEL ATTRIBUTE A 


SHIFT REG SHIFT REG 


z 
Td 
hel 
= 
3 
ot 
< 
o 
Lu 
I= 
= 
rr 
all 
a 
a 


PALETTE DATA RED) 





TOCPU <> 


PALETTE LATCHES 


READ-DATA 


HOLD LATCH TIMING AND 


CONTROL 
LOGIC 
22252 18-15 


Figure 3-5 Graphics Video Controller Board Block Diagram 


The graphics video controller board uses the same number of pixels 
{720 horizontal x 3060 vertical) on the screen as does the 
alphanumerics board. Each pixel can contain a maximum of three 
attribute bits (labeled A, B, and C¢). These attribute bits are 
converted by a palette look-up table to three colors - red, blue, and 
green. 


Aspects of the graphics video controller board described in this 
section include: 
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* Pixel addressing 
x Color selection 
x Timing and synchronization 


* Graphics logic array program 


3.5.1 Pixel Addressing 


Each dot on the graphics screen is a pixel. Fach pixel has a 3-bit 
value associated with it that selects one of eight palettes (0 - 7). 
Each palette is assigned one of eight colors, as determined by the 
contents of the latch. The latch is simply an array of eight 3-bit 
values. The palette number of each pixel is an index into that 
array. So, the color of a pixel is the color value of the latch 
entry that corresponds to the palette number of the pixel. Changing 
either the palette or the color assigned to the palette changes’ the 
color of that pixel. Changing the color assigned to a palette 
changes the color of every pixel with the same palette number. 


A plane is a block of memory containing 1 bit for each pixel in the 


display. Each of the 3 bits assigned to a pixel is in a different 
plane. All three planes are formatted identically; only the segment 
address differs from plane to plane. The segment addresses of the 


three planes are cooo, csoo, and pcoc. For example, if a bit 
assigned to pixel (x, y) is the fifth bit ofsmemory location 
cCoo0O:mmmm, then the other two bits assigned to that pixel are _ the 
Fifth bits of locations C800:mmmm and DOOG:mmmm. 
ns 

In the following explanation, memory addresses refer to offsets into 
the segment of any of the three graphics planes. The diagram below 
shows the organization of graphics screen memory into pixels. Pixeis 
are numbered (x coordinate, y coordinate) and are zero relative. 


Byte 
Address | Pixels Represented 


O000-00SB {(8,0) - (15,0)}(60,0) - (7,0)](24,0) - (31,0)1(16,0) - (23,0) 
O05C-O0B7 |(8,1) - (15,1)](0,1) - (7,1})f. ... . 


* * 
= 


Pixel (60,0) is the MSB of location oOOO1. 
The LSB of location 0001 is pixel (7,0). 
Pixel (8,0) is the MSB8 of location 0000. 
The LSB of location 0000 is pixel (15,0). 
Pixel (16,0) is the MSB of location 0003. 


The bytes are flip-flopped in this way so that if a move instruction is 
executed from a word in the graphics plane to a word register, the 
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register then contains 16 consecutive pixel bits in order from MSB to 
LSB. For example, if a MOV AX, §ES:0C000 is executed {where ES 
contains the segment address of the desired graphics plane), the MSB 
of AX is pixel (0,0) and the LSB is pixel (15,0). With this scheme, 
4S words are necessary to represent the 720 pixels in each row of the 
display. There is one unused word at the end of each line, so a new 
row begins every 46 words, or 92 bytes. Line one (zero-relative) 
begins at byte address 92 decimal, OOSCH. Therefore, pixel (0,1) is 
the MSB of location GOSBH and pixel (8,1) is the MSB of tlocation 
COSCH (because the bytes are flip-flopped). 


Example: 


To find the values of the rightmost 16 pixels on the bottom line of 
the display, 


299 (zero-relative number of last line on display) 
X 92 (bytes per line) 
+ 98 (first word = 0, second word = 2, so 45th word = 88) 


Mm EB ep ee Oo 


= 27596 (6BCC hex) 


So, MOV AX, ES:6BCC puts the values of the last 16 pixels on the 
display in AX, with the LSS of AX being the pixel in the lower right 
corner. 


The three graphics planes are named A, 5B, and CC. The segment 
addresses of the planes A, 3B, and cC are cood, csoo, and pooc, 
recpectively. In determining the palette number of a pixel, the bit 


from the C plane is the most significant, the bit from the A plane is 
the least significant, and the B plane bit is in the middle. 


Example: 


To find the color of the pixel in the lower right corner of the 
Gisplay, first find the palette number assigned to it. 


The MSB of the palette number is the LSB of DOGO: 6BCC; 
the middle bit of the palette number is the LSB of C800:6BCC; 
the LSB of the palette number is the LSB of cooo:s6BCC 


Say, for example, that these three bits are 1, 0, and if 
respectively. Then the color of the lower right pixel is whatever 
color is assigned to palette 5, If the default color assignments are 
in effect, the color of the pixel is cyan. 


3.5.2 Color Selection 

Each of the eight entries in the latch has one bit for each of the 
three primary colors: green, red, and blue. The eight available 
colors are formed by combinations of those three colors, as listed in 
Table 3-12. 
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Table 3-12 Color Combinations 


Green Red Blue Color Color ; 
0 0 o black 1) 
0 0 i blue 1 
0 1 0 red 2 
8) 1 1 magenta 3 
1 0 0 green a 
1 0 1 cyan 5 
1 1 0 yellow 6 
1 i i white 7 


To access the latch, you must write all eight bits of a particular 


primary color to the appropriate memory tltocation for that color. You 
cannot change all three bits corresponding to one palette number ina 
single write. The latch consists of three memory locations, one for 
each of the primary colors. These locations are: 

Blue latch DFOO: 0010 

Green latch DFOO: 0620 

Red latch DFCO:0030 

a 

You can write to these locations, but you cannot read from them. For 
this reason, it is necessary to maintain a memory image of the three 
color latches ifindividual palettes are to be changed. You are then 


able to change a single palette by setting the appropriate bits in 
the memory image to the desired value and updating all three color 
jatches. 


Each of the three color bits of a palette is in the same bit position 
in all three color latches. However, the scheme for determining 
which bit in the latch is addressed by a pixel is not the same as 
that for determining the palette number. In determining the latch 
bit addressed by the three-bit value assigned to a pixel, the B plane 
value is the most significant and the C plane value is in the middle. 
The A plane value is still the least significant. Bit 7 is the SB 
and bit 0 is the LSB of the color latch byte. Table 3-13 displays 
the correspondence between the bits assigned to a pixel and the bit 
positions in any of the three color latches, and shows the comparison 
of these bit positions to the palette numbers. 
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Table 3-13 Bit Correlations 


B Plane C Plane A Plane Latch Bit Palette 
Bit Bit Bit Addressed Number 
GC 0 0 0 0 
0 0 1 i i 
0 L 0 2 & 
0 1 1 3 Ss 
1 0 0 4 2 
af 0 iL 5 3 
1 1 0 6 6 
1 i 1 7 7 


Figure 3-6 shows this correspondence horizontally, so that the color 
latch byte appears as a byte register. 


8 plane bit 1 1 1 1 0 0 
C plane bit 1 1 0 0 1 1 0 0 
A plane bit 1 0 1 0 1 Oe 0 
enbicadsoses [7 ]e]s]+]>]2]*]o 
Palette number 7 6 s) 4 3 2 1 0 
2223216-18 


Figure 3-6 Color Latch Byte 


Example 


This example shows how to create a memory image of the default values 
of the three color latches. 


Combining information from Table 3-12 (the Color Combinations table), 
with information from Table 3-13 (thé Bit Correlations table), yields 
the information necessary to construct Table 3-14. 
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Table 3-14 Default Values of Color Latches 


Latch Palette Number Green Red Blue 
Bit (= Color Number) Bit Bit Bit 
7 7 (white) 1 4 1 
6 6 (yellow) i 1 0 
5 3 (magenta) 0 1 4 
4 2 (red) 0 1 0 
3 S (cyan) 1 0 1 
2 4 (green) 1 0 0 
1 1 (blue) 0 0 1 
0 0 (black) 0 0 0 


The default condition is palette number = color number; therefore, 
the color latches are set as follows: 


Green latch = 1160601100 binary = CC hexadecimal at DFOO:0020 
Red latch = 1£1111000 binary = FO hexadecimal at DFOG:0030 
Blue latch = 10101010 binary = AA hexadecimal at BFOO:0010 


Example: 
"7 


This example lists the steps necessary to change palette three to 
yellow from the default condition (magenta). ™ 


1. Find the desired palette number (three) in Table 3-14, then 
find the associated latch bit (five). 


2. Find the desired color (yellow) in Table 3-14, then find 
the bit settings (red = 1, green = 1, blue = 0). 


3. Set bit five in each of the color latches to the values 
determined in the previous step. This change creates the 
new values: 


Green latch = 11101100 binary = EC hexadecimal 
Red latch = 11110000 binary = FO hexadecimal 
Blue latch = 10001010 binary = 8A hexadecimal. 


4. Write the new values (from the previous step) to the three 
color latch addresses. ({In- this example, it is not 
necessary to change the red latch, because the value did 


not change. ) 
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3.5.3 Timing and Synchronization 


The same bo clock that generates internal timing for the CRT 


controller board clocks the graphics video controller board. 
Monitoring the display enable (DE) signal from the CRT controller 
board helps to synchronize the pixel outputs from the two boards. If 


the DE signal has been low for a long period, the graphics board 
assumes that the scan is in the vertical interval. When DE goes high 
again, the graphics board resets the graphic memory and scan counters 
to zero. When DE is low for a short period (horizontal retrace, for 
example), the scan counters are stopped. This places the last pixel 
on a line adjacent to the first pixel on the following line. 


The graphics video controller board gives the CPU essentially free 
access to the screen memory. During a single screen display cycie, 
the hardware can access the refresh memory twice -- once to read the 
data for screen display, and once for the CPU to read or write data 
if needed. To provide enough time for this access, a display cycle 
accesses 16 adjacent pixels of 3 attribute bits each. These are read 
in parallel and loaded into three 16-bit shift registers for display. 
After the memory has been read for screen display, the CPU access 
cycle starts when a read or write cycle is requested. The accessed 
memory is broken up into one of six separate bytes by properly 
decoding the enabling of bus buffers and write enable signals to tha 
memory. 


Dynamic memory is used on the graphics video board because of the 


large amount of memory required. The memory chips are organized into 
16k x 4 bits and are packaged in an 18-pin, dual inline package 
(DIP). The 8 address lines are multiplexed into 256 row addresses 


and 64 column addresses to get to the 16 K locations in the memory. 
The addresses to the RAM also need to be multiplexed between the CPU 
and the refresh counter. Performing this four-way multiplexing are 
four 74LS1S53 dual 4-to-1 multiplexers (U33 through U36). 


Figure 3-7 is a timing diagram for the graphics video controller 
board. A 74LS163 4-bit counter (U39) and a HALIGRBA-1 logic array 
(U41) generate the timing. A 74LS163 counter connected as a one-shot 
(U40), a 75LS00 gate (U44), and a 74LS04 gate (U45) provide the stop, 
start, and reset logic for the refresh counter. 


a<31 


HARDHARE OPTIONS 


TECHNICAL REFERENCE 

















GI-OLZEZZZ 
TWAHSLNI TYOILYSA 
ONINNVI8 TVDILY3SA JO ONS QNIYNG LNO-JWIL LOHS-3NO ONINNV 18 H JO ONS O30IA SALLOV JO ONS 
a 
ee ee ee — OE LL ~ SEL __—_—. 
TT iy St 
i ta = re el To i ' 
—— Se Ss ae —S $< 
= 1 ' fe ] 
=— S$ SSS SS —————__—. — 
end BY NN ef Nl comm ta fT ll Py Ld ell i rr Na Nay pr a ad ld ee 


1371¥d JO LNO 13XId 1SHld ~~ | 
€b1 JO LNO 13xXld LSYI4 - 
944 14IHS JO LNO13Xld LSYl4 





—1SYXx 
=a eG) 
Jd - 
— LIVMS 
—J01LV1 
—NILVT 
—N345Ng 
—-SVO 
—SVH 
maou 
—UM 
—duy 
aus 


' FIDAD !' AYOWBW f FIDAD | t+ STOAD 1 3T0A0 }  WRW ; SNITIO , ONDINVIGH 

| 319A9 'ONIHNG3IDAD 

| AVIdSIG , N33H¥IS |' Avidsid ! ,AV1dSId | ' AW1dSIG 1 N3I89S | 

} S3LIUM ! QNOI3S 'SOV3HNd) AVIdS!IG ‘NI3aNDS LSVT 
Ndv ISUId 


Graphics Video Controlier Timing Diagram 


Figure 3-7 
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3.5.4 Graphics Logic Array Program 
Programming for the logic array is given in Table 3-15. 


Table 3-15 Programming for the Graphics State Machine HAL 


Input 
RD~ X1 LATEN- BUFEN- 
WR- X2 LATOE- SRLD- 
GSEL- ROH- RAS- GHAIT- 

Output DE GRCLK CAS- DED- Comment 
seen we = ee tet te te te tne ew KF HK eK eH RK eK ew HEM mM RM we em em ew em em eee ee eee eee eee 
LATEN~- EL .bL...HL SF tA Sun +e e Read $5,6,7,8 

or Pe ee oe ae ey FE i te EP Se ae Write $3 

or A 28,58 vw BA Bap o- Ho ao o@ & Write S4 till not write 

0 YL 5 Lee, % OsF oe} oO Mm & All other ORs inactive 
see ee ee alee iia sini elie nella ade Aen eerie aly ele iin eel Re Rel Men Reet 
LATOE- L.tL.HHHE e Bee eb oy 4 A Oe Read ss 

Ora Lives. i- eae. ws Abe Ala ec Read $9 till not read 

Ore LeL ‘a: 2 - ea oi «4 Ae! eee or Ail other ORs inactive 
awe ee we ine aie ie nel eli elie onlin inet et eels Bonde eel Reel ied Bent tek Reet 
RAS - : - LHOH 1 nob 4S 5 2 Refresh screen Sil 

or eH see BH be be : Lia: a Le - Write sS3 

Ore Le tLe. eg LeHeLoL H . 2 off om + Read $3 

or Ane 2 - HHL a 8 Boe! 5 | Bee CPU S4, -refresh S12 

or 1d ws 4 be tT Liss. ea ae CPU S5,6, refresh .$13,14 

or Pie og ot 2 Sob ie 1. > & ie CPU S7, refresh S15 

Of LeLe@.at.e0.m0.1) me, 4. oe RH ater LF (Inactive term) 
wee ee = tie eine eel elie eels ial Aen eee lente ad eel Al ie End Reet tel, Re ee ee 
CAS- 7‘ & % vo et tle ia. Ls. Fe. $13,14,15,0,5,6,7,8 

or a . a -e.co- e ee A oe of Allg AV All other ORs. 
~“—e=s—-=-= aii tel seed ia ele Reade el een deel ele nels Deal Ml Reh Dele Re ee 
BUF EN=0" Le. oe 1, cae ele... ee. Read $4,5,6,7,8 

or Hie Alesse be Ha. 2°)... Roe Write s2 

or we LwL * coor b sir, ep ree Peery fee Write $3,4,5,6,7,8 

One LIL. a: od ace: heat ord fe All other ORs inactive 
~<a = alla seein inelia iel eiaeela Meel in eel eel ial ie i eel Mel A Ne ee 
SRLB- Ss 6 roa eS ae etl! So) Fie 4B wl $1is 

Or Lule. .a- te. ae 4) U8 LB ee Be i Ali other ORs inactive 
wee eet ieee ee lie il ieee els il eet edie el eel tel tel tele Rant ete ee 
GHAIT=-)| LieeeLs” *. >." i. HOH Ey... Gee.) ee Read 

or - Leh an ns Hit @ i.e. oe ae. Write 

Orme LeL - 2 % 2 ocho, Me een All other ORs inactive 
seen ee i ile a ican cies iil mela Dl ale Re el i ee De eR 
DEB- ‘oe dell hoe ae Ae re ee a ly coe Delayed BE 

or a H.. vel te ie A ET All other ORs. 
ee wee errant te tae ee te ten enn te be tw He HK HK HP KM He ewe ww emma w ew wwe wwe eee eee ee 
Legend: 


L = Low signal. 
H = High signal. 
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When the logical AND of terms from one row of Table 3-15 is ORed with 
the AND of terms from another row, the output goes low when the 
result is true. 


3.6 WINCHESTER DISK DRIVE AND CONTROLLER OPTION 


The Winchester disk drive and controller board option consists of a 
controller board, cable and hardware, and a S- or 10-megabyte 
Hinchester drive. Aspects of this option described in the following 
paragraphs include: 


* Winchester hardware theory of operations 
* Register assignments 

* Bit definitions for registers and ports 
* Controller status bit combinations 


* Normal command sequence operation 


3.6.1 Winchester Hardware Theory of Operation 


is 
The Winchester controller is addressed by the 8088 as a block of four 
1/O ports: oO0O30H through 003385. I/O reads are indicated by the bus 
signal IORC, and I/O writes are indicated by the bus signal AIOHC-. 


The controller can generate an interrupt to the host under one of the 
foliowing conditions: 


* When data is ready to be read from or written to the 
controller 


* When the operation is completed, and the controlier is 
requesting a status read (C/D- = 1, I/O = 1) 


Both of the interrupt conditions can be individually disabled. When 
the interrupt is active, the computer’s interrupt line 6 is held high 
until it is cleared by a read to the controller status register. 


3.6.1.1 On-Board EPROM/ROM. A 4K x S8-bit EPROM/ROM contains the 
driver routines for the controller. Addressing this device causes 
the output to drive the data bus through a tristate buffer. The 
EPROM/ROM is at memory address OFS8000H. Access time to either the 
EPROM or the ROM is less than 350 ns. 


9-34 


TECHNICAL REFERENCE HARDWARE OPTIONS 


3.6.1.2 Commands and Command Testing. The computer sends a 6-byte 
block to the’controller to specify the operation. This block is the 
device control block (DCB). Table 3-16 gives the bit definition for 
the DCB. 

Table 3-16 Device Control Block Bit Diagram 

B 

Va toonienianimamiaian PIC = Bile NUM BE R -t+-~-~---- a at + 

t | 7 i & | S 4 | 3 | 2 | 1 | 0 i 

F+SPS SHS HSS SSH SSS SSS ST SSS HTS SPSS SSBF eSB TST BE Bes Set sstessssrrsnstettzsesszzt¢ 
|0] COMMAND CLASS | OPCODE | 
+= ¢ ee 2 = = + a pee ee ee wwe eee = $e eee = ewe ew ene ee eee == ewe ee we = + 

J1) LOGICAL UNIT NUMBER | HIGH ADDRESS ( See Note 1 ) | 

ee pee eee we eee == ~~ eee ee eee ee tow ew eee Hoenn ew ee i Howe ee Ke tp 

{2) MIDDLE ADBDRESS ( See Note L ) } 

t$-¢e ee = == ~he we ee we $e eee == eee ee eee eee eee = Pee eww ee i ee Relate! eee ew ee He + 
{3{ LOW ADDRESS ( See Note 1 ) | 
Sl ee =e wwe eee So +e wee eee eee —-- e ee eee we ee $rw eee = 4p 
j4 INTERLEAVE OR NUMBER OF BLOCKS ( See Note 2 ) | 
t= bees ---= Peewee = $oeew ee a Pewee - = tee eee ee $oew we ee $e eee ee eee eee * 

\s| CONTROL FIELD | 

toe ¢ ew ee eg - $e eee ee $e eee wee fm we ee Se Se 5 i toe ee ee 

Notes; 

1. Refer to paragraph 3.6.1.6. 

2. Interleave factor for FORMAT, CHECK TRACK, and READ IDB commands. 
3.6.1.3 Explanation of Bytes in the Device Control Block. The 6 
bytes that comprise the device control block are defined as follows: 

Byte Definition 

0 Bits 7, 6, and 5 identify the class of the command. Bits 
4 through 6 contain the opcode of the command. 

1 Bits 7, 6, and S identify the logical unit number (LUN). 
Bits 4 through 6 contain logical disk address 2. 

2 Bits 7 through O contain logical disk address 1. 

3 Bits 7 through OG contain logical disk address oO. 

4 Bits 7 through 0 specify the interleave or block count. 

S Bits 7 through O contain the control field. 
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3.6.1.4 Control Field Detailed Description. Byte 5, the control 
field of the o0DCB, allows the user to choose options for several 
different types and makes of disk drives. The following listing 
defines the bits of the control byte. The step options are encoded 
in control byte S of the command descriptor. The encoding is done 


with bits 0 through 3 as given in Table 3-i7. 


Table 3-17 Command Descriptor Byte 


Description Bit No. 

3 2 i 0 
Default 3-ms step rate oO 0 0 0 
Seagate STSO6 (MLC2) 0 0 6 1 
Tandon fast-step it 0 1 Go 
Texas Instruments fast~-step 0 0 i 1 
200-us buffered-step 0 1 0 Oo 
7O0-us buffered-step 0 L 0 1 
30-us buffered-step 8) 1 1 0 
iS-us buffered-step 0 1 1 1 
Olivetti 2 ms/step (561) 1 9) 0 0 
Olivetti (S62) fast~step 1 0 o 1 

(L.1 ms typical) 

Spare (for future use) 1 1 1 1 


4 


To configure a drive for fast-step or pbuffered-step, refer to the 


manufacturer’s manual for instructions. If the drive is hardware-~ 
configured for fast-step, all commands requiring the seek option 


selection must use the fast-step option for that drive. 


NOTE 


The step option bits (3 through 0} are mutuaily 
exclusive. Select only one option for any 
configuration. 


Bits 4 and S are reserved for future use. 


Set bit 6 to 0 for regular operation. When this bit is set to 
during a read sector command, any failing sectors are not reread 
the next revolution. 


on 


Set bit 7 to 0 for regular operation. ‘Setting this bit to 1 disables 


the four retries by the controlier on ali disk-access commands. 
bit 7 to 1 only during the performance evaluation of a disk drive. 


Set 
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3.6.1.5 Command Completion _-~Status Byte. At the end of a command, 
the controller returns a completion status byte to the computer. 
This byte indicates whether or not an error has occurred during 
command execution. {If the error bit is set, and you want., to know 
what caused the error, you must send the REQUEST SENSE STATUS 
command. ) 

The format of the completion status byte is 


(MS8B8) Bit Number (LSB) 

I/O tI 7am | 6 | 5 | 4 | 3 | 2 | 1 | o. | 
Port J +S SSS Eee scenes ers est sees esas ee eee aes sesaseeesesesssesss 
Address{|Don't {Don't |Drive |Don't jDon't [Don’t fError|Don't | 
0030 jjcare fcare [|No. feare |care jcare | bit jcare i 
(read) || | | | 
J #S REPS Sees esses eee eee eee See ee EE EER EE EEE El eee eeeesenaee 


3.6.1.6 Logical Address (HIGH, MIDDLE and LOW). The logical address 
of the drive is computed by using the following equation: 


Logical Address = (CYADR x HDCYL + HDADR) x SETRK + SEADR 


Where: CYADR = Cylinder address 
HDOCYL = Number of heads per cylinder 


HDADR = Head address 

SETRK = Number of sectors per track 

SEABR = Sector address + 
3.6.1.7 Sector [nterleaving. The disk controller supports variable 
sector interleaving. When a format command is issued, an interleave 


value can be passed in byte 4 of the device control block (BcCa). The 
maximum interleave value is the number of sectors per track minus 1. 
When transferring multiple data sectors, the interleave factor can be 
adjusted to achieve maximum system performance. 


The practice of interleaving involves mapping logical continuous 
sectors of data from a given track onto nonadjacent physical sectors. 
For example, an interleave factor of 5 means. that every fifth 
Physical sector is transferred as the next logical continuous data 
sector. It does not mean that five sectors of data are transferred 
on one revolution. 


If the interleave factor is too low, the CPU cannot transfer the full 


sector of data during the sector-interleave time available. The 
controller has to wait one full revolution before reading the next 
logical sector from the disk. Increasing the interleave factor 


increases the system's operating speed. 


The operating system should perform multiple-sector data transfers to 
take full advantage of the controller's interleaving feature. In 
Single-sector transfers, the differences in speed between various 
interleave factors is probably not noticeable. 
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3.6.2 Register Assignments 


HARDWARE OPTIONS 


The register assignments for the I/O ports of the Winchester 
controller are given in Table 3-18, 


i 


Table 3-18 MHinchester Controller [/O Port Assignment 





Hoe wee ee ee ee ee Pi a a a a a a em we eee ee we ee ee ewe eee * 
i Address | Functions | 
ie Se ee ee ee re i ee ee + 
| { In | Out f 
i 
mane ew em meee we ee Se re Sella ee es © 
0O30H f Data IN port j Data OUT port | 
Se Peer ee wt ewe ew ee ee ee ee eee Sila ee + 
{ OO3i1H { Status register { RESET | 
+o ewe een ewe we eee 9 et SN en “ 
] 0032H i Not used f Not used | 
eet ee Pewee ee we ewe ewe ee ee we Peer em RP mK eee ew ew ee ee eww eee 
0033H | Not used j} Interrupt mask | 
ee er Pewee eee ew ee eee ew ee ee we 5 ee + 


An IN function gets 
puts it on the compute 
function sets data 

Winchester disk contro 


For byte definitions of the registers, 


given in Table 2-1. 


For pin-outs of the 
Electrical Interface. 








data from the Winchester controller board 
r‘s I/O expansion 
from the computer's 1/0 expansion bus onto 


lier board. 


Winchester 


cable, 


bus. Conversely, an 


be 


refer to the 1/0 memory 


refer to paragraph 3.6. 


and 
OUT 
the 


map 


20, 
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3.6.2.1 Data Input Port.: Disk read data and controller sense bytes 
pass through this register to the computer. The data is held for 


each handshake cycle. The format is as follows: 

(MSB) Bit Number (LSB) 

r/O 1 | 7 | 6 | Ss | 4 | 3 2 | 1 | of 
Port Pees S ees eS SS Se Se SSS SSS eS SSSR eS SS SSS eS SSS Sse sees sess 
Address} | | | I i | | | 
0030 j|DATA 7{/DATA GIDATA S|DATA 4|DATA 3{DATA 2|DATA 1|DATA oO| 

Hd | 

pee SSR SSeS SPS SSeS SS SP Se SHS SS Se SSeS See eS SSeS sess see sesese 


3.6.2.2 Data Output Port. Command bytes and disk data pass through 


this register to the controller. Data is latched until updated by 
the CPU. The bit arrangement is as follows: 


MSB | BIT NUMBER LSB 
1/0 1 | 7 6 | S| 4 | 3 § 2 | 1 | Oo | 
Port JF SSSTTS + SST SSS eS SRS ose Sess ese esr ser essesssetsszcses S222 +4 
Address {| | | | 
0030 |{|DATA 7}DATA 6{DATA S|DATA 4|DATA 3]{DATA 2{DATA 1{DATA of 
(write) |] | I i | 
[J PSS SSS SHS SHS SP eS SSS SSH SSS HSS HSH S Ss Se Se Sse ee esssseeseesse 
3.6.2.3 Controller Status Register. This register stores the 
controller status. It enables the CPU to read the controller status 
and to monitor the controller operation. The controller status byte 
is defined as follows: 
MS8B BIT NUMBER LSB 
1/o jf 7 | 6 | s | 4 | 3 | 2 | A, oC 
Port P tS SB BSS eS SSS SSeS SSBB Se Se SPST eR SSeS Se SSS SSSHe Tess ese esses 
Address||Don't {Don’t [Don’t {Don't |Don’t |COMMAND{INPUT/| DATA | 
0031 fjecare fcare fcare fecare jcare |/DATA {OUTPUT{REQUEST | 
(read) |] | | | 
fp PES HSS SSeS SSS SSeS SS SSS eS SSS TS PS SSH SSH SH SSS SS HPSS SSS }e ST sessse 


3.6.2.4 Reset Port. This byte resets the controller. Any write to 
port OO31 causes a reset. Reset clears each error status, aborts all 


operations, and places the Winchester controller in the command 
receive mode. The byte definition follows: 
HSB BIT NUMBER LSB 
1/0 1 7 | 6 | Ss | es | 3 | 2 | 1 | o. (| 
Port J PSSST SSeS SHRP eS SPSS eB SHS SSeS SSS SSeS ses eset sas es zsts=t 
Address|{Don’t [Don't |Don't JDon't {Don’t jDon’t fDon't}Don't f 
OO31 jjcare J|care |care jcare |care |fcare fecare Jcare | 
(write) || 
J HS SHS Se eS SS SSS eS SS SSS ESS SEH SHS SS SHS ESS TST HSS SSS eS sssTzt 
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3.6.2.5 Interrupt Mask. This is a 2-bit field that determines which 
interrupts are to be serviced by the CPU. The interrupt mask byte 


definition follows: ; f 
MS8 BIT NUMBER LSB 

r/o ij 7a 6 | s | 4 | 3 2 | 1 J 0 j 
Port Per SESS Se SST SSS ee SPS SSeS SSS SSeS SSS SS +S TeV Hr +S esses +sssessst 
Address|jDon't {Don't [Don’t |Don’t {Don’t {Don’t |DATA |STATUS | 
0033 f{fcare {care jcare [care feare fcare {INTR. jINTR. | 
tj | JENABLEJENABLE | 
P+ SS TSS SHS SSS SSeS SSS SS HSS SSS SHS SSS SS HS SST SS HR SSS SSH SSS SS SSt 


3.6.2.6 Error Status Byte. This special byte is available only 
after the completion of a command. The controlier sets the !/O and 
c/D bits with DRQ to indicate that this byte is available. A 
definition of the error status byte follows: 


MS B BIT NUMBER LSB 
r/o | | 7 | 6 | Ss | 4 f 3 2 | 1 | o | 
Port PPS SS SSK eS SSSST eH SS SSS + SseRSsSrSeT SSeS SSSeseesr essere sssscr 
Address||Don‘t |Don't |JDrive |Don’t JDon’t [Don’t |Frror|Don’t | 
0030 |{f{care fcare fNo. jceare fcare |care | bit {care | 
(read) |] j | | i j | 
J tee eesee+essesssessecse SSBB SESBSEe St tPB2SBSBte SBS SseSseSBSaeste sess = 


ie, 


3.6.3 Bit Definitions for Registers and Ports 

hs, 
Table 3-19 gives the definitions of bits for the Winchester 
controller registers and ports. 


c 


{DATA 0-7 
{ READ or 
{ WRITE 


[DATA 


}INPUT/ 


|} ouTPUT- 


DATA-— 


{STATUS 


| INTERRUPT 


| ENABLE 


| DATA 


m@ Table 3-19 


ae a 


J INTERRUPT | 


| ENABLE 
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# 


Bit Definitions for Controller Registers and‘Ports 


Logical State | { 

sense eee see ew ew ew ew Bw ew Bee ee ew ew Bw BEB eee ee ewe ew ee ee ee wee eee eee ee +> 
Data true ; data high ; | Data false ; data low : 
logical one >= 2.4 ¥V J} logical zero <= 0.7 V | 
SSSSSSSSSSSSS SSS SP SSSSPSBS TSP SSSHTTSSSTSSPPTSSSSsS SSS SSF ss Sese2z2z=z+ 
Data bit = 1 | Data bit = 0 f 

| 
wee ee ee eR Bee ew ww mem we eee eee dE ee ee eo anne 
Commands, status, or data | No command, status, or | 
ready to be transferred | data transfers to or from | 

to or from controller. | controller. 

owe we mem em Be Re wee ew ew ee ew ew eo ee 9 lee eel aed e ee  e 
The CPU reads data or | The CPU writes data or 
status from the controller.{ commands to the controller. | 
le eee lee a a eee Pew we Mm me KK wwe ww BP ew wwe ee ewe ewe wh 
Khen INPUT/OUTPUT- is high,! When INPUT/OUTPUT- is high, | 
status is sent to the CPU. | data is sent to the CPU. | 


HK RR ERR REE RE KKEKEREEI KR RRKEK | RK EK REE KEK EKER EEK EEE KKRERER | 
When INPUT/OUTPUT- is low, | When INPUT/OUTPUT- is low, | 
commands are sent to the j data is sent to the i 
controller. { controller. | 


Controller interrupts the | f 
CPU after the CPU completes} | 
the current command and is | , | 
ready to return the status No status interrupt | 
byte. permitted. i 


Controller interrupts the | 
CPU when data needs to be {| 
read from or written to | 


| 

| 

No data interrupt i 

the controller. i 


permitted. 
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mle 
9.6:4 Controller Status Bit Combinations 


Table 3-20 gives all valid controller status bit combinations. 


Table 3-20 Valid Bit Combinations for Controller Status 


——_e_eee eee eer eee eee ee eee eee ee eee ee ee eee ew eee eee ee ew wee eee eee ee ee eee a 
{COMMAND/|JINPUT/ | DATA {yoo | 
{ DATA | OUTPUT/REQUEST]{ | Meaning of Pattern | 
SEB BM FET TSI TMS HOKE S SSB SBT HPSS S SSK SHS SST RS SSSSSSSSSSS SS SSS SHS SST SSS SSS t 
I | 1 | 
| 'e) | 0 | 0 Not valid i 
eSB BBS HST B SKE SKS SKS HSS STS ST HPSS SSS SSP RHF SSSSSSSSSSSSSS BTS SSH SSSPS SS SSS SST 
fl | { {j <A data byte may be sent from the CPU | 
| a] | o 4 {| to the Winchester controller. The | 
| i | {j controller waits for data to be written. |} 
+S MBS BBB SE SSM HHS SHSM BSS SSH HES HM SPSS STS SS SHS SHS SSS SSS HAPS SSS SS SS SS SSS STS STS 
| 
| 0 { 1 i 0 Not valid j 
| 
ee BES EBB TT HB ESSE KSSH HEM BSS SSS SSS SSS SS SESH SSSSSSESS SSS STS SPST SS SSS St 
{ j | ti <A data byte may be sent*to the CPU { 
| a) | ys 1 {{ from the Winchester controller. The | 
{ | | J}{ controller waits until data is read. | 
ee EE eR REESE ES SSS SSS ESS SEER SESS SST TSS SSS SPR SPS SSS SSS SHS SSS SH Sst 
1 | | 
| 1 | 0 | o i] Not valid | 
| 1} | 
Se SSB BB SSeS SSP SSK FESS SSS TMT SO HPSS SPSS SSS SHS SHS SSS S SSS SSTICSS SSS SSS SSE SSSTSTt 
| { i {{ Command bytes may be sent to the | 
| i | o | 1 |{ Winchester controller from the CPU. i 
| | 
ee BS PSI EP BBM SSK SB HOSES STS SPST TSP SSH SS SSP STS SS SS SSS SSS SSS SST SSSSsS Sst 
} 1 | i f 0 Not valid { 
| | tf 
eS RSE EB SSB FETS BZ TP SSH HESS SBME SM ST SSP SS SST SSSA T SS SSS SSS SSS SSS STS Sst 
| | j | f A status byte may be sent from the { 
| 1 | 1 | 1 {J Winchester controller to the CPU. | 
| | 
eT PSM BSP TS SS OS SBS KES ST HEE SSMS SST SSS SSS SSH SHS SH SS SS SSR SSS SSS SSS SSSS= Tt 
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3 6.9 Normal Command Sequence Operation 


Figure 3-8 depicts the logical flow of the controller functions. 


ii 


START 


WRITE OR READ 
CONTROLLER DATA 
(READ/WRITE TO 
PORT 0030) 


RESET THE 
WINCHESTER 
CONTROLLER 

WRITE TO PORT 31 


WAIT1 

























READ STATUS NO 

PORT 0031 

R fz; NO 

EQU WAITI READ STATUS 
ACTIVE FROM PORT 
0030 
YES 
HARDWARE : 
FAULT 
DID 
NO 
AN ERROR 
OCCUR? ee 
OUTPUT COMMAND 
BYTES TO 
CONTROLLER DO REQUEST 
(WRITE TO 
TATUS COMMAND 
PORT 0030) S ane : 
DECODE ERROR 
22232 16-20 


Figure 3-6 Controller Operational Flowchart 


3-43 


TECHNICAL REFERENCE HARDWARE OPTIONS 


3.6.6 Detailed Description of Commands 


The commands fall into eight classes -- 0 through 7; however, only 
classes 0 and 7 are used. Classes £t through 6 are reserved. Class Oo 
commands are data, non-data transfer, and status commands. Class 7 
commands perform diagnostics. 


Each command is described in the following paragraphs. The command 
description includes class, opcode, and format. "Don’t care" bits 
are shown as “unused.” 


3.6.6.1 TEST DRIVE READY Command. This command selects a particular 
drive and verifies that the drive is ready. The following diagram 
shows the format of the device control block for this command: 


B 

y 

S Roo Soo ee Bit Number--~~--~--~--------------- + 

e | 7 4 6 | Ss | 4 | 3 } 2 fo. } 06 | 
$= Ye ee SSS SSeS BBSSSseSBRS StS sees Ste seS st seSeestsastzteztszzstezzzzzz+¢ 
| o | of o f oO } 0 [| 0 j 0 | oa ; oO 
i Sete et Oe eee eee -- eee $e ee --- $e eee $oeeee-- op 
rie il o | Oo | DRIiVEtunused|unusedjunused{unused|funused} 
Se ee eo ee +=------ eoee = eee oe bowen Sete ule 
| 2 funusedfunused|unused}/unusedjunusedfunused|unused|unused | 
Se oer ¢—_— == ¢$—-—----- $e eee ee dpe ne we ee a Pome w ew See i alot teediog ie 
} 3 Junused|unusedjunused|unused{unusedfunused|unused|unused| 
ee, re ew en ee we $o---- —$—------ ¢------ eer ere-- eee ¢ 
| 4 fjunusedfunused|funused/unused|unused{unused|unused}/ unused | 
a ee Pew ew en wen we a $e e ene == ee ee = = eee ee == ei $— www ee + 
i S Junused|unusedf{unused|unusedj{unused/unused{unused]|unused] 
See ee =—¢e_- = - ~~ bow eee one eee te eee eee = et ee pew ee + 


To determine that a drive has completed seeking before issuing the 
next command, use the TEST DRIVE READY command with overlapped seeks. 
(Refer to the paragraph entitled "SEEK Command” in this section.) If 
the drive is still seeking, the end-of-command status byte indicates 
an error, and the sense status indicates "drive still seeking.” This 
is a type oO error, code 8. Sequential TEST DRIVE READY commands 
determine when the drive is ready to accept another command. 
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= 


3.6.6.2  RECALIBRATE DRIVE Jtommand. This command places the 


read/write (R/W) arm at tratk 000. Bit definitions for this command 
are as follows: - 


B 
Y *---------------------+-- BIT NUMBER---------------------- ® 
t | 7 jf Bit 6G] Bit S{ Bit 4] Bit 3] Bit 2] Bit 1] Bit Of 
PRr@r PSF SS SSSPSS SHS SPS SPS SPSPBSSPHM SVP HSS SSSZBEeBSsSPsssesttesseszzzr=szst+ 
; o f of o { oO } 0 j) oO ij oOo j oO j of | 
ete, Ree eee == ie $—_ =~ eee --- wee ee Se Soe + 
iar | Oo. | Oo j DRIVEjunusedjunusedjunused{unusedjunused| 
mee bee eee Hg e- == === eo ww eee Sa eee eee tome eee Se eee eee fe 
} 2 junusedfunusedfunused{unused/unusedjunused/unused|unused| 
Se ee oe eee = Pere wee a no eee pow ee ee $e wee 5 te + 
} 3 funused{unusedjunused|unused|unused/unused|unusedjunused | 
$e — $e eee tee reed Se +m nee me ee we ee eee ree #------ $+ 2 =---= & 
| 4 Junused{unused|unused[unusedjunused]|unusedjunusedjunused| 
Se ee +o ween $e ee ewe eee --- i $e ee eee eee ee ew eee ee + 
| 5 JRETRY?{ o | o | O {STEP 3|/STEP 2/STEP 1}STEP of 
$e we pee www ne i eee eee toe re me eee ena Pere ena #oeen-— +o eee s 
3.6.6.3 REQUEST SENSE STATUS Command. The computer sends. this 
command immediately after it detects an error. The controller then 
returns 4 bytes of drive and the controller status. The formats for 


these 4 bytes are shown after the DCB. Definitions of these bytes 
follow. 


B & 

ff Goons Soo BIT NUMNBER-~~------- aaa i ce + 

t j 7 | Bit 6] Bit Sj] Bit 4} Bit 34 Bit 2] Bit 1] Bit of 
PK Sr FSS SSSSPSSSSBP StS SB SSFeSS PT StPeStTSssstes ss etzHze* St tt2i+verteserz+t 
J) o | | o jf o } oO ; 60 j; oO j 2 jf ot 
hee awe $——-—---- $e eee fee en we $—— === wee e ee Pewee + 
Poin o | Oo | DRIVEfunused|unusedjunused]unusedfunused | 
i Se a Te a Pee ew ewe eee ----= Se $e eee + @ 
J 2 fjunusedjunused]unused|unused{unusedfunused|unused|unused} 
0 et ee $e = w- $e eee o-oo eee nee bee -=-- wwe eee eee ees + 
j 3 funused|unusedjunused|unusedjunused|unused|unused|unused | 
$e ew ee we eee f#oee eee oe ee $e eee re eee Steet ¢—------ ne 
| 4 junused|unusedjunused{unused/unused|unused|unused|unused} 
tree pew wee See $e eee ewe $e == $e eee ee Se $e eee $e ee ee + 
[| S |unused[unused]unused{unusedfunused|unused|unused|unused]} 
S eentietes ientien ie tee eon eee 5 ee ee eee --- $e eee eee === $e eee we te 


Bit 7, the address valid bit in the error code byte, is relevant only 
when the previous command required a logical block address. In this 
case, it is always returned as a i; otherwise, it is set to Oo. For 
instance, assume that a RECALIBRATE command is followed immediately 
by a REQUEST SENSE STATUS command. The address valid bit could be 
returned as 0 because the command does not require a logical block 
address to be passed in its DCB. 
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The format for the sense bytes returned is as follows: 


B 
Y ¢--------------------------- BIT NUMBER--~--~----------------~----- 
t | 7 | 6 S | 4 | 3 | 2 { 1 ) 
te G@ FF SSSSSESSSeSESSSSSSeSESSSPSBVBPSPeS SST SSPStBSTsTsSSsSSeSP ST STSTSSeSBSSSBSBBEsesBetszz=az=zt 
| 0 {ADDRESS? | 0 | ERROR TYPE i ERROR CODE 
re eee eee ——--=- Hee ee --- eee ---- $e ee ee 0 i Set eee ee - == 
, 2 | Oo | o {DRIVE | HIGH ADDRESS (see Note) 
beret Pk kk“ = eee r ene “= eeerenr4"“-- eewnwnw"-- tere r= @aeecene2£-"== Peer ew sew +s wee = 
; 2 | MIDDLE ADDRESS (see Note) 
De oe a ee bern --= emer eee Se ee oe ee oe ow i $e eee == eee == 
i 3] LOW ADDRESS (see Note) 
eee f ews we ww $e ewe eee Ss dineedieiaaleeinentneliene one wee ese ee == tare ww ee eww ewe = eer ---= 


NOTE: Refer to paragraph 3.6.1.6. 


When an error occurs on a multiple-sector data transfer (read or 
write), the REQUEST SENSE STATUS command returns the logical address 
of the failing sector in bytes 1, 2, and 3. If the REQUEST SENSE 
STATUS command is issued after any of the format commands or _ the 
CHECK TRACK FORMAT command, and if no error exists, the logical 
address returned by the controller points to one sector beyond the 


last track formatted or checked. If an error does exist, the logical 
address returned points to the track in error. Table 3-21, Table 3- 
22, and Table 3-23 list the types 0, 1, 2, and 3 error codes. Table 


3-24 summarizes the error codes returned by the REQUEST SENSE STATUS 


command, i 
4 


Table 3-21 Type 0 Error Codes, Winchester Disk 
Code Definition 


OH The controller detected no error during the execution 
of the previous operation. 


iH The controller did not detect an index signal from the 
drive. 
2H The controller did not get a SEEK COMPLETE signal from 


the drive after seek operation. 


3H The controller detected a write fault from drive during 
last operation. 


4H After the controller selected the drive, the drive did 
not respond with READY signal. 


SH Not used. 


6H After stepping maximum number of cylinders, controller 
Gid not receive track 00 signal from the drive. 
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Table 3-22 Type 1 Error Codes, Controller Board 


Hex 
Code Message Definition 
OH ID Read The controller detected an ECC error in 
Error the target ID field on the disk. 
1H Data The controller detected an uncorrectable 
Error ECC error in the target sector 
during a read operation. 
2H ‘Address The controller did not detect the target 
Mark address mark (AM) on the disk. 
3H Not used. 
4H Sector Not The controller found the correct cylinder 
Found and head, but not the target sector. 
SH Seek The controller detected an incorrect 
Error cylinder or track, or both. 
6H Not used. 
7H Not used. 
8H Correctable The controller detected a correctable 
Data Error ECC error in the target data field. 
SH Bad Track The controller detected the bad track 
flag during the last operation. 
AH Format Error During a CHECK TRACK FORMAT command, the 


controller detected one of the following: 
* Track not formatted 
* Wrong interleave 
* ID ECC error on at least one sector 
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Table 3-23 Types 2 and 3 Error Codes, Command and Miscellaneous 


Code Type Message Definition 

CH 2 Invalid The controller received an 
Command invalid command from the host. 

1H 2 Iilegal Disk The controlier detected an 
Address address beyond the maximum range. 

CH 3 RAM Error The controller detected a data 


error during the RAM sector 
buffer diagnostic. 


iH 3 Program Memory During its internal diagnostics, 
Checksum Error the controller detected a program 
memory checksum error. 


2H 3 ECC Polynominal During the controller’s internal 
Error diagnostics, the hardware ECC 
generator failed its test. 
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Table 3-24 Error Code Summary 


Error Code Meaning 


OOH No error detected (command completed OK). 
TCT iglesia ae Nolindex detectedi from disk drives) 11) 1h 
itn ae NoRveexicounlerertrontaleyy driv ec 1 iaiinn 
9 Wosnte ae Nratalitaal thiol di skial.1vo. ile 
ecantt ) meee Tai athe wee 
ir osu ae Nothussd trie) MCRNLE, Sinn inn a Ramen ase 
focuser: TrackPOoRne (ht cand aan Sntlnnen me mura 
 o7H-oFH TH CHL el (ll ines. 7 ee 
Sera Ja) mifrayiaen Gates Se we Man las 
iO. o's) TeLEO CMGI 
ofl pp tL Address mark not found. = 
Sista Hiputueiety beac =e go eT 
wen nn rn ne nnn nn enn en en eo en ne ee en ee = + - 

14H Target sector not found. 
betty] ee We tone . 1). =. > 
 aeH-a7H” ware i Lo owns a! oo 
Cy ae oe Corfectabletdatalerncr amir nl mn ImOny nian 
arty ra Geoeite.cHeitts |e ll 
aH TG Coa uel nnn 
tt 2 oa strrwel laa ete 
. ey PT at leraarerre ree ee 


————— eee eee ee 
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Table 3-24 Error Code Summary (Concluded) 


Error Code Meaning ~ (* 
Er. 
1DH On a FORMAT ALTERNATE TRACK command, the track 


is already assigned or is flagged as a bad track. 


ee ee ee ee ee ee ee ee ee ee ee ee el 


LEH When the controller attempted to access an 
alternate track from a spared track, the 
alternate track was not flagged as an alternate. 

1FH On a FORMAT ALTERNATE TRACK command, the 
bad track equaled the alternate track. 


ean eee eee eee ee ee ee er ee eee eee ee ese ee ee ee eee eee ee eee eee ee 


20H Invalid command. 
oe) CS inaeiton,_$ So 
 2eH-2FHO Tete! fein) wee te ES 
30h Ran diagnostic failure.) = 
i= fait) ae ees Hiri ios ee 
SU Yprea eel fe iis Caxias 
 3aH-3FHO mth of - owes ‘on 


en ea ee ee ee ee ee 


Note: The Address Valid bit (bit 7) may or may not be set and is 
not included here. 2 


}S| 


Not 
bk 
2. 
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35 6.4 FORMAT DRIVE Command. This command uses the selected 


- interleave factor to format ail ‘sectors having ID and data fields, 


and writes 6CH into data fields. -The controller formats from the 
starting address, which is passed in the command, to the end of the 


disk. 


Setting bit S (from control byte S of the command block) with the 
FORMAT DRIVE command causes the sector buffer to be used as the data 
pattern written on the disk data fields. 


To initialize the sector buffer, issue the WRITE SECTOR BUFFER 
command before the FORMAT DRIVE command. Byte definitions are as 
follows: 


oe Se ee a Le oS NUM BE R -#--2 een ten ne enn te + 
Zi 6 = 4 3 2 | S | 0 

SS SS SSSPSSSASPS SPS SS SS SS HPS BMSSA SSCS BP HST SSP + SST Sst Bt et SBE Sss22esrzszs2tstt 
0 | 0 f ) | 0 | 0 i 1 { 0 | ) | 
~“see- == seen ieee tents Dele id, Be ee en Se en 
G { o JDRIVE | HIGH ADDRESS ( Note 2 jf 
“see ee lee inert ned nea eels eee elt eee, ee ee ee eee ee 
MIDDLE ADDRESS ( Note 2 ){ 

——<—=== = eee ieee iene Meindl Meee eee ee oe ee ee 
LOH ADDRESS { Note 2£ )] 

eee oe alee ee ee a eee el eee, At, a ee ee ae ee 
9) | ) | 9) | INTERLEAVE FACTOR " ( Note 2 jj 
ee ew ee ee le et ele ie el eet ee eRe, ee ee ee es ee 
RETRY? | oO [ re) i Oo { STEP 3] STEP 2{ STEP 1] STEP oj 
ee ee ee a a a a pe a a a en pe ee a pe en epee ee epee ey 


es; 
Refer to paragraph 3.6.1.6. 
Factor is number of sectors per track minus one. 
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3.6.6.5 CHECK TRACK FORMAT Command. This command checks the format 
on the specified track for correct ID and interleave. The command 


does not read the data field. The byte configuration is as follows: 

B 

Ta a SA + = Bei 1 N@U SHOE SECR Bo + oo a le SII SSS + 
t | 7 | 6 s 4 3 2 i 0 
PRES SSS ST TEA SS SS SSH PS SSS SS HST SSSSSHGBSSSSPS+SsSSSSTSrSTSSSsssetrssssestt 
}o} 0 | 0 | GB I 8 0 = | 0 = 
a eee eee ee pew eww oe = eee ee we = Pewee ne = Peewee === S eietieatitned peewee ee = s 
{i | 6 | 0 JDRIVE j| HIGH ADDRESS (See note 1) 
ew eee eee eK = eee ree $26 - eee er--- $22 ----+- $—_22e—--=- we ne oe me me om Peewee wr Ke a 
{2} MIDDLE ADDRESS (See note 1) | 
$e $e eee ee = SiN ii an Dette teetaadientons eo oe eee #2 eee - eee = == ee eee ee == be 
{3} LOW ADDRESS (See note 1) { 
$e ee eee == eee were eee eee = Seer taal ttn! eer ee eee $m eww ewe $e eee --- Sittin o 
)4] o 0 ) INTERLEAVE FACTOR (See note 2) | 
ee peewee es ewe eee en $e eee wee Peewee == See ae eee ere == $— eee ee + 
1S] RETRY? | 0 | 0 | rf) | STEP 3] STEP 2] STEP 1| STEP of 
te eee wee eee eo @#oee---- eee nee e— ee eee $e eee oe eo eee ee . ieetlaediaetiententotian + 
Notes: 


1. Refer to paragraph 3.6.1.6. 
2, Factor is number of sectors per track minus one. 


_ th 
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3.6.6.6 FORMAT TRACK Command. The FORMAT TRACK command reformats 
the track, eliminating all references to bad and alternate tracks. 
Setting bit S from control byte 5S of the command block causes the 
sector buffer to be used as the data pattern in the data fields. 
Otherwise, the command writes 6CH in the data fields. The byte 
definitions are as follows: 


B 

{oma RR +-B I T N UM B E R -#------- ee +--c---- 
t | 7 | & { Ss | & | 3 | 2 j 1 | 0 
FEHB GS SSS SF SSS SSSS PCS SSS SSS PCTS SSS SBS PCBS SK Btt eS SS SB stesrs sss ssezszsrer=e=+ 
{oj 0 | 0 } 0 { 0 j 0 i 1 j 1 i re) 
et 0 ee eee een ee we ee we wee ee ew $ret ewe eee = fo me Fee eee ee 
Ji] ‘a | o JDORIVE | HIGH ADDRESS (See note 1) 
i Sei eee eee eee ow tow een ee $s mewn eee ee ee eer ee --- eee swe we 
{2 | MIDDLE ADDRESS (See note 1) 
Se foe ee eee te eww eee we pee e ees $e on oe ne we me $e ewe wee ee 
{3} LOW ADDRESS (See note 1) 
Sd +~ eee ee ewe ee = = +32 ee $m ew ee ee beeen ne = = eee een $e wean ee es 
| 4] 0 | 0 } o | INTERLEAVE FACTOR (See note 2) 
Se Ae teense wee Seite te teete ee $e eee ee = ie pew we wee + ee oe 
{5{ RETRY? j 9] | 0 0 } STEP 3] STEP 2] STEP 1] STEP of} 
5 i Ree Se pore ne = ee eee eee = ee eee wwe $e eee es 5 
Notes: 


1. Refer to paragraph 3.6.1.6. 
2. Factor is number of sectors per track minus one. 
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3.6.6.7 FORMAT BAB TRACK Command. This command fdrmats a specified 
track, setting the bad sector flag in the IDB fields. No data fields 
are written. The byte definitions are as follows: 


B 

ee a a +> Bia T NEUDME S20 Ree + oe . ann Sa + 
t j 7 6 5 4 3 2 | i 0 
PACZTA SRS SS ES SS SST POSS SSH AHF SS SSS SPSS SSS SSS + SSS STS SSeS ST TTsess+srsesszses=t 
jo} 9) 0 G | G | Q i | i 1 
a eee ee ee $oe eee we toe wee we $e eee eee eee eee eee ew ee = eee eee = de 
;1f 0 i 0 {DRIVE | HIGH ADBDRESS (See note tL) j 
Se eo e eee ee me ee f— eee ew eae we we we toe eee -- eee ee eee eee “> 
12] MIDDLE ADDRESS (See note 1) | 
Sete ee $e wee == St Peewee ee #e eee == Se Se te ween ee fe 
{3} LOW ADDRESS (See note 1) | 
$— tee ~----- een --= eee wee =- eee ee --- $-2------ eee ---- eee ee == toe eee ew Sa 
14] 's) | 0 | 0 | INTERLEAVE FACTOR (See note 2) ] 
+~ toe ew He $e ee ww ewe ee ewe +~ ee ee Pee wn eee ee 0 elie te tata wee oe 
|S] RETRY? | re) | G | fr) {| STEP 3] STEP 2} STEP 1] STEP o| 
eee e wee --- #-2----- ee meee eee ee te eee we oe Se te talon ee ee ew wm $e wee ee & 
NOTES: 


1. Refer to paragraph 3.6.1.6. 
2. Factor is nmumber of sectors per track minus one. 
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3.6.6.8 READ Command. Starting with the sector address given in 
this command, the controller reads a specifiet) number of sectors. 
The byte definitions are as follows: 


B 

ee Sata +> Bla T. NUM BER -t¢------- ae ES + 

t | 7 | 6 | Ss 4 | 3 2 1 O | 
POS SSS SSS HES SSS SSS HESS SSSH SHES SSS SHS HSCS TPP Hs We STB Sess ess estsrztesessessscze 
0} 0 i) oOo jf 90 | 0 ; 68 ; 69 | 0 0 
a ore ee = $m www eee eee ewe ee ee ew ee Seite $~—- == $—-—-=-----~ + 
fa} ° | 0 {DRIVE | HIGH ADDRESS (See note 1) | 
$e ee ee tee ere eww eee ee wwe eee eee we ee eee ewe eee eww ee $e ee == ee ere ene a + 
j2| MIDDLE ADDRESS (See note 1) i 
ee ee $e eee we St eee ee ewe 5 ie eee ew eee Pee ewe Poe wee ee + 
{3] LOH ADDRESS (See note 1) 
er ee pow ee eee owe ee $e new ee ee Poem w ee Homme == ww ee een eo e+ ~ cs 
} 4] BLOCK COUNT | 
So i $e eer wwe 5 ee eee $e enw eee Soot en #—-—--~---- Pewee ee + 
[5S] RETRY?] Note 2} O oO | STEP 3] STEP 2} STEP 1j STEP oO} 
a ee i toon ewe $ee wwe ie tonne eee Sie ee Se ee te 
Notes; 


1. Refer to paragraph 3.6.1.6. 
2. Ff this bit is set in the READ command and an ECC error is 
found, retry the command. 


3.6.6.9 HRITE Command. This command writes the specified number of 
sectors, starting with the initial sector address * contained in the 
DCB. Byte definitions are as follows: 


5 

(AR I SS *=BwT® T NUM BER -+~------- @ee-r4=- ae + 
t | 7 | 6 | s | 4 | a | 2 | 1 | 0 | 
PO CRSS SS SSS HSS SSP RG SPSS STMT TPF SSS SSS SHH Ses SSS eS SSS Set ett sess s4ee esses 
| oj 0 | 0 I 0 0 1 0 i | G 
+= $e eee eee wee eee $e wenn we $e ee ew we pm ee oe wee eee ewe ee ew ewe tow eee ee * 
if o | 8) {DRIVE | HIGH ADDRESS (See note) 
i $e ewe eee $m eee ees eee eo eee eee toe eee ee Se Se dp 
}2] MIDDLE ADDRESS (See note) j 
et ee ee enn bere e nee ee enw eee 5 et ee Sn ee $e wen wee + 
{3| LOW ADDRESS (See note) { 
a ee $e eee Se em eee. a eee wee = #}eee-- > 
14] BLOCK COUNT | 
Sed $2 ee == ee Pewee wee tow eee = meen ee a Hew ewe ee ww ee ewe + 
|S} RETRY?] 0 0 | 7) {| STEP 3] STEP 2| STEP 1] STEP oO} 
a $e ee =e ee aewne ee beeen eee ewe ee Ks See $e ee we = te wee eee & 


Note: Refer to paragraph 3.6.1.6. 





HARDWARE OPTIONS 


3.6.6.10.°, SEEK Command. This command initiates a seek to the track 


1S | 


Not 


specified in the DCB. The drive must be formatted. The byte 
definitions are as follows: 


awe ee eurenewcne-B I T NUM BE R -4¢------- tee ene nt ee eet 
7 6 +j S } 4 3 2 4 o | 
SEBS eStPSete SBS SB RZ SREB CSS SSBSSBPABASSSBSSPSSBPHSSSSsSSatSSSBSSBSeSeSPSSssSs SBS Se SS SS SSS 
*) 0 O27 ise. O 1 0 { 1 1 
=< =—= nT ee a NN Be ee ee eee 2 
0 | ) IDRIVE | HIGH ADDRESS (See note)j 

ae a me ny Sn > ee ee ee een errr | 
MIDDLE ADDRESS (See note) i 

—— eee oe $e e wees ewe Pewee ew ew ew Fw wwe Be eB ee wee ee fe ew Bw eB SB eA aM pe we Bw eB ew NM eM pew ee eB AW HK HK + 
LOW ADDRESS (See note) | 

eee = Ce eT RN ee et ieee eee 2 
u Nx US ED [ 

meee —-= Oe a a Mee ee eee ee eee a 
RETRY? | 0 | 0 i Oo { STEP 3] STEP 2} STEP 1] STEP Of 
were De BNE ely teacinniedin Rentineh, sient, eee a 


e: Refer to paragraph 3.6.1.6. 


For drives using buffered seeks, SEEK commands can be overlapped. 
After the controller issues a SEEK to the drive, it does not wait for 
the drive to complete the SEEK, but returns a completion status. If 
the return status shows no error, then the SEEK was issued correctly. 
If there is an error, then the SEEK was not fssued. After 
transferring the status, another command ‘can be issued to either 
drive. If a drive with an outstanding SEEK receives a new command, 
the controller waits (holding BUSY active) until the SEEK completes 
before executing the new command. (See the section entitled "TEST 
DRIVE READY Command” for a special case.) There is no time-out 
condition in the controller waiting for the buffered-step SEEK to 


complete. 
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3.8.6.121 INITIALIZE DRIVE CHARACTERISTICS Command. This command 
eanables the controller to work with drives t hed t have different 
capacities and characteristics. However, both Winchester drives must 
be of the same manufacturer and model number. Di 


After the computer sends the command (BCB) to the controller, it 
sends an 8-byte block of data containing the drive parameters. Some 
of the parameters occupy 2 bytes; all 2-byte parameters are 
transferred with the most significant byte (MSB) first. The 8 bytes 
are: 


Maximum number of cylinders (2 bytes) 

Maximum ECC data burst length (1 byte) 

Maximum number of heads (1 byte) 

Starting write precompensation cylinder (2 bytes) 
Starting reduced write current cylinder (2 bytes) 


ZVEAMA 
wee 0 


When the controller is powered up or reset, the following default 
values are set: 


Maximum number of cylinders (C)= 153 

Maximum ECC data burst length (E)= 11 bits 
Maximum number of heads (H)= 4 

Starting write precompensation cylinder (P)=64 
Starting reduced write current cylinder (W)= 128 


The parameter for the maximum ECC burst length defines the length of 
a burst error in the data field that the controller is‘to correct. 
The burst length is defined as the number of bits from the first 
error bit to the last error bit. For example, if the controller 
detects a S-bit ECC error and the erroneous data appears (before 
correction) as CS (11600 0101), it could appear as D4 (11301 0100) 
after the correction. However, if the CPU has set the maximum ECC 
burst ijength at 4 bits, the controller migqht flag this data as 
uncorrectable. This is a type 1, code 1 error. 
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a” yt 
: Jf 
Byte definitions for the INITIALIZE DRIVE CHARACTERISTICS command are 
as follows: : 


B 

y 

t ¢------+-+--++--~+-~-~~-~--- BIT NUMBER----------~~----+------- + 

e | 7 | Bit 6] Bit S| Bit 4] Bit 3] Bit 2} Bit 2} Bit Of 
+—- Ye tt Se SSB en SSS SSeS SSS SSeS SSM SSeS SKK Hse Sst Sst stte*|esssessrtes ess 
[Ey OFF | aes OM) fa OS ee eC ae | ed ee fe | Oe jee Ort 
Pe ee $e oe eee $=-=---- —+2----- #—_—-—----= $—-—----- -o ee ewe $e w eee op 


Se ee $e ene owen ee we wee oe wee eee e————--- hee o 
{ 2 Junused|unusedf{unusedfunused|unused|unused|unusedjunused | 
S eeteeteede Mei eee ee = Poe e- = eee = e$-2----- eee --- eee eee = pow e ese Sa 
{ 3 funused]junused|unused]unusedjunused|unusedjunused{unused] 
eee ne tee --- $—--—---- $2 ---- eee e--- $2 —--- ¢-2-=---- Powe 0 “tp 
{ 4 |unusedjunused{unusedjunused|unusedjunused/unused|unused|! 
bee eee $e == S heetetniententon $e ee = s $e ew nee pow me Steed Powe & 
| S funusedfunused{unused|unused|unusedjunusedjunusedjunused | 
$e ee Hee eee toe - = peewee $e een po ae ae Seite tnns ese at ae oe oe ow Pm ae a oe + 


Byte definitions for the drive parameter bytes (passed to the 
controller after the INITIALIZE DRIVE CHARACTERISTICS command has 


been issued) are as follows: 


B 4 
Ytrrre--- eee e---- +-B [ T N UM BE RR -#ee¢°%°°°°- terre --- #er0r4"-- 
tj ? | S f 5 | 4 | 3 | 2 | 1 0 
+#@e¢e+SSSSSeSeSse SSS seSseeSse SSeS essestsese sets stse se eS SPs Ss FSS SSS SS FSP SPSS SPSS eS SS SS SES + 
{oj MAXIMUM NUMBER OF CYLINDERS: MS8 

Se beeen = = ewe ee = = Se 5 tee we ewe se ee ee ee ee wenn oe 
[1] MAXIMUM NUMBER OF CYLINDERS: LSB 
Set eee --= Se eee eee = eee ee ee Se 0 ee Re etalon i 
J2] Go | 0 : 0 | 0 | MAXIMUM NUMBER OF HEADS 

#—$e ee eg == = $e ee === teen --- ere 28 ---— eerwrre-- eee --—-- =—$]2er <= --- ee wee ~~ 
| 3f STARTING REDUCED HRITE CURRENT CYLINDER: MSB 

ee ne ee ee ee de eee ee eH = eee ee ee = eee en eH = eee eee = = eww ee eg ae = ee ewe 
{ 4] STARTING REDUCED WRITE CURRENT CYLINDER: LS8 
Sh, ee www ee ee eee == -= eee ew ee = = eee ee He = = eee ee = = eee ee = <= $e wee = — 
is{ STARTING WRITE PRECOMPENSATION CYLINDER: MSB 

eee wee ee Sew ew ee = me ee = = 9 ewe ewe = = ee ee ee = ewe ewe we 0 ie Rael as 
{6 | STARTING KRITE PRECOMPENSATION CYLINDER: LSB 
ew eee eee == ee ere es = elena liane ele! +5753 -- = inet aeliondealnlnediaad ee ee ae oe ee salad eatin dieadinatinentine eee ee 
17 I 0 | 0 f 0 | 0 | MAXIMUM ECC DATA SURST LENGTH 
teeter nee + eee tere woo e707 Se - —$¢-- === eewrre-- ere eer rere eK 
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3.6.6.12 READ ECC BURST ERROR LENGTH Command. This command 
transfers 1 byte to the CPU. This byte contains the value of the ECC 
burst length that the controller detected during the last READ 
command. This byte is valid only after a correctable ECC data error, 
type Lt, code 8. Byte definitions are as follows: 


MINI LI AIL ILM ILI BIT NUMBER----~----------~-+~+---~- + 
6] Bit SJ Bit 4] Bit 3f Bit 2] Bit 1] Bit 0 | 
=+ 


Se ee ee ee ewe oe Co ee oo we oe ye) ee es Ss = es =] 2 we ee = = 8 ee = = ee ee cS 


{ 2 junusedjunused/unused|unused|unused|unusedjunusedjunused| 
St ee eee emo wee Powe ene 5 lee $e ee eee wee ¢——-+=+-- eee ew we 4 


owe ee ewe ee eee mee toca - = ee oe owe ewe peewee we $e ew eee pwr ee = + 
{ 4 junused|unused|unused|unused{|unused|unused[unused|unused| 


oe ee sew = 2 eS Sot ee = de ee oe howe a ee ee oe ee ee ee eee ee = = ewe ss = = w= wee = ao 


ee a) >= = ww ee oe , ke ee = Se ee eee ew So ee = eee oe = - ee es Se ofa 


TECHNICAL REFERENCE HARDWARE OPTIONS 


tg 


* 
| 


3.6.6.13 “FORMAT ALTERNATE TRACK Command. The FORMAT ALTERNATE TRACK 


command formats the header fields of the “bad track” with the. 
alternate track information (assigned by the CPU). The alternate, 


track is formatted to identify it as an alternate. The command byte 
definitions for FORMAT ALTERNATE TRACK are as foliows: 


B 

Ytur~+--- Hoan enn +-B I T NUM BER -+------- +-~------ +------- 
t | 7 6 S | 4 3 | 2 1 | oO 
+ @ +S SVT SPBPSPSesSSTRSFSSTeSPSBSStPFSEStSSSSKESBSeSSTSBPBSBBVPSEeSBSSSBEStesreSssesSsetzrers==t 
foj 0 { G | 0 | 2) | i | 3 f i i 0 
*-¢e ee 2-+- a eerste" "-=— +o ew ee 2 CE 5 5 eS eww e22’=—- 
{jij OG | 0G {DRIVE | HIGH ADDRESS ( Note 1 )} 
(ee 5 i ere r"r4 Pn BE i is at I a €e#enr2’-===— 
{2] MIDDLE ADDRESS ( Note 1 )} 
bebe wenn = ee ee ewe eee = = wen ew ee ew eee = = eee m= == eee eee == Se 
13] LOW ADBRESS ( Note 1 )f{ 
een eee = 5 ewww ere = a 2 = = eS = Se eae ee oe ewer ere = 
j4| 0) 2) 4) INTERLEAVE FACTOR ( Note 2 )] 
t= 27278 e"2 were = == fer eew ee ee eer eee oS . *#e2e2s == wee ee 
JS} RETRY? } ) {(Note 3) 9) 1 STEP 3] STEP 2] STEP 24] STEP Oo} 
$e ewer eS $#oewwee=== $e eee wee err" "-+= fewer eo = #2 “== eew ee ee = ere wes = 
Notes: 


lL. Refer to paragraph 3.6.1.6. 


2. Factor is number of sectors per track minus one. 
fh 


9. If this bit is set, the data in the existing sector buffer 
is used to fill the data fieid. If this bit is cleared, 
the data field is written with 6CH. Me 


The interleave byte (4) is programmed the same as in the FORMAT 
command, and is used on the alternate track. If bit S of the control 
byte (S) is set, the data in the existing sector buffer is written to 
the data field. If not, the data field is written with 6CH. 


After issuing the command, the controller asks for the Assigned 
Alternate Address data block. These 3 bytes point to the CPU- 
assigned alternate logical address. Again the sector address is 
ignored. 


f 
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aatis = 
The byte definitions for the Assigned Alt @ nate Address Data Block 
are as follows: = 


B 

) Roo a +-Be int NUM BE R ~t~-3~-"--- I I: 
t | 7 | 6 [ S f 4 { 3 f 2 | 1 j 0 
POPS SKS SSS HS SS SSS SHS SSS SSH FSS TTS HM eS SST SHt Se SSS SBS BS eS Ses Seest et sestses=st+t 
{o] 0 ; o | 0 | HIGH ADDRESS (See note) 
Se toe eee we eee nw == eee ee =e Se Se ewww ee ee $e een e ee 
{jij MIDDLE ADDRESS (See note) 
2 ewe ee es ee ee eee eee =o eee eee ee == ewe wee = $e een we 
{2} LOW ADDRESS (See note) 
Set het $e eee Hoe w ee eon ee eee $= Skee nn toe ww eee $21 eee 


Note: Refer to paragraph 3.6.1.6. 


3.6.7 Alternate Track Assignment 


The computer both assigns alternate tracks and locks out bad tracks. 
Bad areas on the disk are labeled defective on a track basis by 
issuing a FORMAT BAD TRACK command (command code 07). One procedure 
for assignment and handling of alternate tracks is given below. 


1. Give the FORMAT DISK command (command code 04). This 
formats the entire disk drive starting at logical track 
ooo. 


a. If any errors occur, give the REQUEST SENSE STATUS 
command. 

b. If a format error is indicated, bytes 1, 2, and 3 of 
the returned status give the address of the bad 
track. 


c. Give a FORMAT BAD TRACK command (command code 07) to 
the track. 


qd. Reissue the FORMAT DISK command. 


e. If any other errors occur during the subsequent 
formatting, reissue the REQUEST SENSE STATUS, FORMAT 
BAD TRACK, and FORMAT DISK commands until the entire 
disk is formatted. 


2. Give the RECALIBRATE command (command code 01) to position 
the heads over track ooo. 


All sectors on the disk are read to see if any uncorrectable ECC 
errors occurred in the data. The FORMAT command places a 6CH pattern 
in the data fields of all sectors, and the computer program can 
verify this data pattern after the data is read into memory. 
However, verifying the data byte for byte is not usually necessary, 
because the error detection and correction circuitry flags all 
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uncorrectable errors. If. a large block of host memory is available, 
muitiple sector reads can be issued to speed up the verify process. 


When an uncorrectable error is found, issuing a& FORMAT BAD TRACK 
command (command code ©7) to the failing track writes a bad track 
flag into all identifier fields. Later accessing of this track 
results in an error, causing the sense status that follows to show an 
error code 19H. 


NOTE 


Whenever a user program accesses the disk, be 
sure that the operating system does not allow the 
program to issue a READ or HRITE command to the 
alternate tracks. 


The disk controller has no way of knowing when an alternate track is 
being read. The alternate tracks are sometimes assigned at the end 
of the disk (highest track numbers), but they can be assigned to any 
tracks so long as the track label is maintained by the computer. 
Given the error correction capability of the controller, four tracks 
reserved as alternates should be adequate for all disk drives 
currently available. However, the system programmer should consult 
the disk drive manual for the hard-defect specifications. 


3.6.8 Alternate Address Protocol a 


After receiving the FORMAT ALTERNATE TRACK command and the assigned 
alternate, the controller performs the following steps: 


1. Seeks to the "alternate assigned track” and verifies that 
it is not already an assigned alternate or a flagged bad 
track. 


NOTE 


If the track has already been assigned as an 
Alternate oor is flagged “bad”, then error code 
1DH is given and the command is aborted. This 
usually implies that the computer is attempting 
to assign two bad tracks to the same alternate 
track, 


2. Formats the track as an assigned alternate track. 


3. Seeks to the bad track and formats the header as a spare 
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track pointing to the assigned alternate. 


7 Y 
4. Destroys data fields on both the bad. track and alternate 
track. 


The procedure for using the FORMAT ALTERNATE TRACK command is as 
follows: 


1. Format the entire disk, including spare tracks. 
2. Verify the disk. 
3. Assign each media defect an aiternate track. 


4. Assign alternate tracks for drive manufacturer's defect 
list. 


The controller automatically seeks to the assigned alternate track 
when an access is made to a flagged defective track. Consecutive 
accessing does not result in reseeking to the alternate track. The 
controller maintains position on the alternate track. 


NOTE 


Khen using the FORMAT ALTERNATE TRACK command, be 
sure to ‘ include (in the controller 
initialization) cylinder and head ranges for the 
alternate tracks. i 


he 


Generally, the actual disk space is greater than the amount fixed by 
the system software. This extra space can be used for alternate 
tracks as needed. The alternate tracks are invisible to the host. 


The number of spare tracks depends on the drive size and the number 
of defects allowed by the drive manufacturer. Generally, one spare 
track is allotted for each 50 to 100 tracks. 


Direct access (attempted data transfers or seeks) to an alternate 
track results in an error code 1CH, and no transfer takes place. 


TECHNICAL REFERENCE HARDWARE OPTIONS 


ae & weer’ wah 


3.6.9 WRITE SECTOR BUFFER Command : 


This command is used to fill the sector buffer with a host-given data 
pattern. No data is transfered between the drive and the controller. 
The command accepts S12 bytes of data and stores them in the sector 
buffer. The byte definitions are as follows: 


#----------~--~---------- BIT NUMBER------~-----~----~------ + 
7 $ Bit 6| Bit SJ] Bit 4| Bit 3] Bit 2] Bit 1f Bit Of 


“he 


3.6.10 READ SECTOR BUFFER Command 


/ 


This command sends S12 bytes of data from the sector buffer to the 
CPU. The byte definitions are as follows: : 


Bg 

y 

t +#------------------+-----~- BIT NUMBER-----~----------------- + 

e | 7 | Bit 6| Bit Sf Bit 4] Bit 3} Bit 2] Bit 1f$ Bit Of 
Se VYe et SSS St Sst BBS Se SSS SSS SSS SS se SST SSeS SSS TGC +TSesssset+ se Seer 
j o | ao (| o f oO J) 2 j oO } oO J} o | 30 | 
ee -— een #—_——---- eee =e poe ee =~ oe eee ewe eee ow wee + 


Se peewee toe e nee eee eee pw e ee =~ e—-<----- eee eee + 
} 2 Junusedfunused|unused]unusedj|unusedjunused|unusedjunused | 
oe oe eee --- ewe ee i See eee ee ee bee ew ew = eee -—+ 
{} 3 Junused|unusedjunused|unused|unusedjunusedfunused|unused | 
Se eee eee ees $e er ee == eee em === pee eee 5 ewe ees a + 
j 4 funused}unused|unusedj{unusedjunused|unused]{unused|unused | 
Se ere eH $e ee ee eee e ee meee peewee : eetntnackadianton ¢------ + 
| 5S Junused}unused|unused|unusedjunusedjunused{unused|unused | 
eee been eH peer nw eee wee tow eee eee ee eo 2 ---- e-em eee Se 4 


£ 
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3.6.11 RAM DIAGNOSTICS Command 


This command performs a data pattern test on the RAM buffer. The 
byte definitions are as follows: 


B 
y 
t +#-~----------~-~---------- BITMNUMBER (== oo == ee eos oe + 
e 7 | Bit 6] Bit S] Bit 4] Bit 3] Bit 2] Bit 4} Bit oO} 
Vv 
O 


3.6.12 DRIVE DIAGNOSTICS Command ‘ 

This command tests both the drive and the drive-to-controller 
interface. The controller sends RECALIBRATE and SEEK commands to the 
selected drive and verifies sector 60 of all the tracks on the disk. 
The controller does not perform any write operations during the 
command; it assumes the disk has been previously formatted. The byte 
definitions for the command are as follows: 


7 | Bit 6] Bit Sj Bit 4] Bit 3} Bit 2} Bit 2a] Bit oF 
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3.6.13 CONTROLLER INTERNAL BIAGNOSTICS Command 


This command causes the controller to perform a self-test. The 


controller checks its internal processor, data buffers, ECC 
circuitry, and the checksum of the program memory. The controller 
does not access the disk drive. The byte definitions are as follows: 
8 
Y 
t +----------------------- BIT NUMBER--~~------------------- * 
e | 7 | Bit 6{ Bit SJ Bit 4] Bit 3] Bit 2] Bit 1) Bit of 
-=— Y= 6 = = 2 SS ee SSS Se ee SSS Se SS SS SS + SS SS SS SSS SS SS eS eS Se 
[eo | i | 1 j 2 j oO |} o fod } oO | 3@ 
oe $e eee eee eee e—------ heme --= boo $—-—----- $—------ dp 
f 1 funusedfunusedjunusedjunusedjunused|unused|unused|unused | 
i eo wee ee $e eee ee $e een eee $—--—---- eee == eee == sp 
[| 2 lunused{[unusedjJunusedjunusedjunused|unusedjunused] unused | 
Se coer eee e$—-—ee === $eee--- few eee ewer pee ewe paw wee ae 
i 3 funusedfunused]|unused|unused|unusedjunused|unused] unused} 
i oo peer $------ $e --- eww e ee = boo ee de ee me ee we two n os 
} 4 funused|unusedjunusedjunused|unused|{unused|unused] unused | 
ee ee emai nwewe $e eee ee Heer power peewee $—_— ee = +4 —-~----=- he 
if S funused|unused{unused|unused|unused|unused{unused|unused} 
ee eee ewe ee = eee = 5 ee ee Pee eee $m e wee = pee ee == + 
$ 


3.6.14 READ LONG Command 


Tn, 
This command transfers the target sector and 4 bytes of data ECC to 


the CPU. If an ECC error occurs during the read, the controller does 
not attempt to correct the data field. This command is useful for 
recovering data from a sector with an uncorrectable ECC error and for 
diagnostic operations. The byte definitions are as follows: 
8 
a a cree eae a + Bee lee | NOU SMESS EBAY + — = = = = = = lea ea + 
t | 7 j & | S } 4 j 3 | 2 | 1 | 0 | 
+@tSStSEeStSeSPeSeSSTSSFSSteSESBESBKFBESBeSSSKESBPSTBPsr*sBFSePSsSsSeSPeBPsSTrEestwt+e+ Senses sees assess t 
| Oj i i i 0 | 0 i 0 i 
ee Fee w em Ke = eee ee == ee ee oe oe ee ee St a ed pee eee eee eos == eernr---=- + 
Ji | 0 | 0 JDRIVE | HIGH ADDRESS (See note)} 
bebe ew eee == Poe eee ae ne te me oe oe a ee ee oe tee om Se $e eee eee eee enr + 
{2} MIDDLE ADDRESS (See note) | 
ee ee we ee eS ewe ee ere w we ee $e eee eH = ewe wenn = few ee ee = eee we ee S een ww ee = te 
}3] LOW ADDRESS (See note) j 
ele Dede pee eee 5 eee ee --- eee ---- ewe ee == eee --- eee ee ee = + 
\ 4] BLOCK COUNT (See note) | 
ede Dede eee eee ee ee $e ewe eH = teen --- $e eee pee eee = fee eee + 
{S| RETRY? 8) { 0 | 0 | STEP 3] STEP 2} STEP 1] STEP oO} 
eo eee ee HH = pee en eee wn twee eee ere ee === eee eee = = eee eee ee Se Pewee ee 4p 


Note: Refer to paragraph 3.6.1.6. 
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3.6.15 WRITE LONG Command 


This command transfers a sector of data and four appended Ecc bytes 


to the disk drive. During this write operation, the computer 
supplies the 4 BCC bytes instead of using the hardware-generated ECC 
bytes. This command is useful only for diagnostic operations. The 


byte definitions are as follows: 


5 

Vie a ae a *+-B I T NUM BE R -#------- a ee tomer + 
t | 7 J 5 3 i 4 j 3 2 i 1 0 
FES SST SHTSSHSS SKC SSS +RS SSH MS +S SHES SV VS Se sss ses sssP essere ssszsst+esmeszszszsre 
fo| 1 1 | 1 0 | 0 a 1 i 0 | 
$— eee ee - = See $e ewe ee = Sede ee eee ee =e eee eww ee ee +— ee oe $e ewe ew ee + 
Jif 0 | oO {ORIVE jj} HIGH ADDRESS (see Note) 
He te we eee = Se St $e en wees eo wee een tow eee ee ee eww we Si tp 
}2] MIDDLE ADDRESS (see Note)} 
Sede tee ome ww ee » ieee te $e eee eee $e eee ewe ee ew ew we +o eee eee St fe 
{3| LOW ADDRESS (see Note)! 
Se $e eee a eee nw ne $e ew wee $e eee eee +e eee een ee $m eww ee rs 
14] BLOCK COUNT j 
id Re $e eee ee eee ee ew te 9 ee $e eee = eee ee wwe ee s2 ee = = & 
}S} RETRY?] O | ° | 0 | STEP 3] STEP 2| STEP i| STEP 0} 
et tee 5 oe eee = $m eee wee $e wwe eee wee ee ee $e ewe owen eee ee we + 


Note: Refer to paragraph 3.6.1.6. 


ip 
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3.6.16 Execution Order of Remaining Diagnostics 


Not ail of the diagnostics are executed by the computer on power-up. 
The remaining diagnostics should be called by the CPU in the 
Following order. 


1. CONTROLLER INTERNAL DIAGNOSTICS (command code  £E4). This 
command tests all the logical and decision-making 
capabilities of the econtrolier, the program memory 


checksum, and the error detection and correction circuits 
(ECC). Executing this diagnostic ensures that the 
controlier can communicate with the computer. 


2. RAM DIAGNOSTICS (command code £0). This command verifies 
that the sector buffer igs operational by writing, reading, 
and verifying varicus data patterns to and from ali 
iocations. 


3. INITIALIZE DRIVE CHARACTERISTICS (command code 0C). This 
command sends the new drive configuration to the controller 
when the parameters of the connected drives differ from the 
defaults. The INITIALIZE DRIVE CHARACTERISTICS command must 
be issued before executing the DRIVE DIAGNOSTIC command. 


4. TEST DRIVE READY (command code GO). This command, issued 
before the DRIVE BIAGNOSTIC is executed, finds out when the 
drive is ready to accept a command. 


S. DRIVE DIAGNOSTIC (command code £3). This command issues a 
RECALIBRATE to the disk drive and then steps though ail 
tracks, verifying the ECC on the identifier fields of the 
first sector of each track. If this diagnostic passes, it 
implies that the disk has been formatted and that the first 
ID field of each track is good. 


3.6.17 Error Correction Philosophy 


The typical error-correction time of the controller is approximately 
SO ms, which is greater than the time for one revolution of the disk. 
The sector in error can be reread (if bit 6 is not set in byte S of 
the READ command DCB) on the next revolution during a READ command. 
In most cases, the error is soft and does not reappear on the reread. 
This initial reread of the failing sector is in addition to the retry 
count passed in the DCB (bit 7, byte 3). 


The controller presets the error retry count to 4 each time a sector 
is read successfully. Sometimes, an error labeled uncorrectable is 
later found to be correctable. If this happens during a multiple- 
sector transfer, the controller resets the retry count to 4 £4before 
another sector is read. 
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3.6.18 Sector Field Description 
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Table 3-25 describes the sector information fields. 


Table 3-25 


Number of 
Field Bytes 


AM 
GAP1 
SYNC 
GAP 2 
COM 
CYLH 
CYLL 
HEAD 
SEC 
FLAG 
ZER 
ECC 
GAP3 
SY¥NC2 
GAP 4 
DATA 
ECC2 
GAPS 


~~ 
Wh nNneE Dea ke HEP eH ee Re ee 2 Of 


Vi 
- 


de 


Notes: 


Sector Field Format 


Field 
Description 


Address mark 

zero byte gap 

ID sync byte 

ID zero byte gap 

IB compare byte 
Cylinder high (MSB) 
Cylinder low (LSB) 
Head number 

Sector number 

Flag byte 

Zero byte 

ID ECC bytes 

zero byte gap . 
Data field sync byte 
Data field zero byte gap 
Data field /~ 

Data field ECC bytes 
Inter-record zero gap 


1. Cylinder (track) numbering is O~based. 
2. Sector numbering is i-based. 
3. Disk surface numbering is O-based 


The track layout for the S12 bytes/sector, 


in Table 3-26. 


17 sectors/track is given 
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Table 3-26 512-S8ytes-Per-Sector Format 


MS B LSB 
a: +------------------ BIT NUMBER--~------~-~------- “ 
BYTE 7 al VS we lies Sl a4 Ny See] ec lel iee.o. 
=e SBSSBeeaSa St PSS SSS HS SS SST HSS SST SHRS SESS SEPtetssastssesathseSssetsae SSSSSZ HBSS STET + 
i-4 | ADBRESS MARK | 
ee ee ee ee ee ee ee 
S-13 {| o | o | o | o | oO Jf oO ff o@ fj o ff 
-3wee == -- a a a em Re ee eee ee ee wee ee em ew RK ee Rm eM eM KH He KH KKK + 
14 | ID S¥NC BYTE | 
eee eee we died de ee eee eee ee a eT ee eee 
15-164 |) 10) J) 0° {8 of slp, on 1) fo ii om Ie Om th lou, 
eee eee we ST en eee eee eee 
ale! | ID COMPARE BYTE i 
ee eee en ee ee ee eee eee, 
18 CYLINDER NUMBER ( MSB ) | 
eeee n= -- i to oe ee 2 ee oe ee © 
183 { CYLINDER NUMBER ( LSB ) { 
“eee === See See ee ee ee ee ee 
20 | HEAB NUMBER | 
wee ee === iat fot ee 2 2 2 ee ee 
2i | SECTOR NUMBER i 
“eee eee = Si ce ee ee ee re | 
22 [ FLAG BYTE | 
eee he he ce fe 2 2 ee 
23 [Om 1) Chime Owe (mop | (ONS |am Om | 0 = {yen orms| 
ee me eee ee ee ee mee ee we ae ee ee ee ee ee ee Ee 
24-27 | ID ERROR CORRECTION CODE BYTES | 
eee --- IE RE SE FE EC EE ORR IE EE ae: 
28-43 | o | @ $ Oo J} O | O f{ O | O fj Oo |Y 
meee --- Societe ee ee 2 
44 | DATA FIELD SYNC BYTE i 
meee er == Ne en ee ee ee eee eee 
45=4601 0) ti On| 0 en] Onn | On Cs © SO | OUT 
oe em te ee oe a eee ee ee ee ee 
47-SS8s | 512 BYTES DATA | 
———e eee a ee ee ee ee ee 
559-S62 | DATA FIELD ERROR CORRECTION CODE BYTES { 
- a ee Steeda ite, Bete Ret eo ee eee 
$63-605 | 0 i 6 { 0 { 0 [ 0 { 0 | 0 | 0 | 
“wee wwe 5 lei a co oe roo el ee Eee 


60S bytes/sector including ID and overhead 
Track Capacity = 10416 


© 
N 
@ 
vi 
J 


17 sectors of 605 bytes/sector 
+131 = Speed tolerance gap 


ee 
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3.6.19 Specifications ~ Controller Board 
Table 3-27 gives the Winchester controller board specifications. 


Table 3~27 Winchester Controller Soard Specifications 


Environmental Parameters: 


Operating Storage 
0 ° fe) o 
Temperature 16 C to 40 ¢ -“10 ¢C to 60 ¢ 
o ° re) o 
(32 F to 131 F) (-40 F to 167 F) 
Relative Humidity 10% to 904% 10% to 904% 
o 
(@ 40 F wet-bulb 
temperature, no 
condensation) 
Altitude Mean sea level Mean sea level 
to 10 000 ft to 45 oco ft 
Power Requirements: 
Voltage Range Current 
+S.0 Vde 4.735 to $5.25 Vde 2.5 A maximum 
2.6 A typical 
-1i2.0 Vdc “10.8 to -13.2 Vde 66.0 mA maximum 


48.0 mA typical 


3-71 
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3.6.20 Electrical Interface 


This paragraph specifies the electrical interface requirements for 
the 5 1/4-in Winchester disk drive. 


Ali Winchester controller boards use header assemblies 
interchangeable with the AMP type 87215~-7 for the 20-pin connectors 
(to J2/P2), and type 1-87215-7 for the 34-pin connector (to J1/P1). 
Section S contains assembly drawings showing the pin-outs for these 
connectors. The connector layout is shown in Figure 3-9. 


WINCHESTER WINCHESTER 
CONTROLLER DISK DRIVE 
BOARD RIBBON CABLE TO 


WINCHESTER DRIVE 









AMP AMP 
AMP HEADER RECEPTACLE RIBBON 
ASSEMBLY CONNECTOR CONNECTOR | Jo 
TYPE 87215-7 TYPE 88377-4 TYPE 88373-6 


OR EQUIVALENT 


OR EQUIV. OR EQUIV. 





20-PIN RIBBON CABLE 


RIBBON CABLE TO 
WINCHESTER DRIVE 


AMP AMP 

RECEPTACLE RIBBON 

CONNECTOR CONNECTOR 
AMP HEADER TYPE TYPE 
ASSEMBLY anaae en ee 
TYPE 1-87215-7 OR EQUIV. OR EQUIV. 


OR EQUIVALENT 





34-PIN RIBBON CABLE 





2273216-21 


Figure 3-9 Control and Data Cabling for the Winchester Disk Brive 
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Section 4 


DEVICE SERVICE ROUTINES 


4.1 ROM INTERFACE INFORMATION 


This section provides information on writing software for 
compatibility with future products and on interfacing with the 
hardware of the Texas Instruments Professional Computer. The 
interface information includes interrupt vectors, system memory maps, 
and ROM usage. The system ROM contains instructions for hardware 
device control of the standard I/O devices in the system unit. 


The functions described are implemented with code in the system ROM, 
and thus are available to all users of the system regardless of which 
disk operating system (DOS) is installed. However, the user must be 
careful to avoid causing any conflicts with the operating system's 
use of these same functions. 


Typically, these functions are accessed through the 8088 software 
interrupt mechanism. Each major device service routine (DSR), such 
as keyboard, display, and disk, has a unique vector. Individual 
functions of a DSR are accessed by placing an opcode in register AH 
and executing an INT (interrupt) instruction of the applicable type. 
To replace ail or part of a DSR, just patch the interrupt vector to 
point to the user-written code. 


For specific information on the architecture of the Intel 8088 


microprocessor, read the IAPX 88 Book or the IAPX 86,88 User's 
Manual. 


4.2 WRITING SOFTWARE FOR COMPATIBILITY WITH FUTURE PRODUCTS 


The software you develop for this product undoubtedly represents a 
large investment of your time and money. Making changes and 
releasing new versions of software is usually difficult and 
expensive, and should be avoided. This guide will help you to create 
software that can be used with future Texas Instruments products. 


4.2.1 Compatibility Levels 


In order for the software to work on more than one hardware product, 
compatibility must exist at some level: either the operating system 
level, the system ROM interface level, or the hardware interface 
level. 
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Sed tet Beer Operating System. Software that interfaces at the operating 
system level is compatible with all products using the same operating 
system, including products of other manufacturers. 


4.2.1.2 System ROM Interface. Software that interfaces with the 
Texas Instruments-supplied system ROMs through the interface vectors 
is compatible with other hardware products having the same functional 
characteristics. These products can differ in physical or electrical 
characteristics from the standard Texas Instruments product. 
Programs compatible at this level or at the DOS level are more likely 
to be compatible with future products. 


4m 2nrl .-3 Hardware Interface. Programs that use the hardware 


directly (for example, input or output to hardware addresses) are 
least likely to be usable in another computer system. 


4.2.2 Areas of Hardware Compatibility 


Texas Instruments recognizes that the system ROM interface is not 


sufficient for ail applications. Products using the advanced 
capabilities of the hardware cannot be restricted to usage of this 
interface. The following paragraphs describe the hardware 


compatibility that can be expected in future subsystems or subsystems 
accessed from ROM only. 


4.2.2.1 Alphanumeric CRT. The alphanumeric CRT is well-supported by 
the system ROM. Accessing the screen directly can speed processing, 
lets you use “windowing”, and lets you use horizontal scrolling. You 
should restrict direct access to the alphanumeric CRT screen to the 
attribute latch and to address GDEOOOH, the actual memory buffer for 


the screen, (The “H”" represents hexadecimal.) Before using the 
gcreen directly, these programs should issue a Clear Screen function 
cali to ensure that the hardware is set up for direct access. Refer 


to paragraph 2.4.7 for information about the CRT hardware. 


Using the ROM functions to put data on the screen while accessing the 
screen directly can cause undesirable hardware actions. tT tis 
possible, for instance, that the screen can be hardware-scrolled, so 
that the logical upper left position is no longer the physical upper 
Left position. All operations on the cursor should use the ROM 
interface calls. This will ensure that possible redesiqning of the 
cursor logic does not prevent the program from running. 


